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FIG.1 



(54) Optical semiconductor array module, method of fabricating the module, and external board 
mounting structure of the module 

(57) An optical semiconductor array module 100 
comprising an optical semiconductor array device 1 
constituted by a plurality of semiconductor laser diodes, 
light-emitting diode elements or semiconductor photo 
diode elements, an electronic device 5 for driving and 
controlling the optical semiconductor array device 1. a 
cube-shaped package case 10 for housing the optical 
semiconductor array device 1 and the electronic device 
5. an optical fiber array 3 optically coupled to the optical 
semiconductor array device 1 , a supporting member 7 
fa holding and fixing the optical fiber array 3 to one sur- 
face of the cube-shaped package case 10, and a termi- 
nal portion having a plurality of pins 1 1 for electrically 
connecting an external circuit board to the electronic 
device 5. The terminal portion is formed by extending 
the terminal portion from at least one of the surfaces 
forming the package case 10, excluding a surface on 
which the optical semiconductor array device 1 and the 
electronic device 5 are mounted and a surface opposite 
to that surface, and the plurality of pins 1 1 are mounted 
in a surface of the terminal portion which crosses at 
right angles with a surface from which the optical fiber 
array 3 is taken out. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention is used, for example, in opti- 
cal fiber communications, inter-computer communica- 
tions, asynchronous transfer mode (ATM) exchanges, 
inner inter-equipment communications, exchanges, 
etc., and relates to an optical semiconductor array mod- 
ule provided with a semiconductor laser diode, light- 
emitting diode array device, a semiconductor photo 
diode array device, and an optical fiber array optically 
coupled to these devices, a method of fabricating the 
optical semiconductor array module, and an external 
board mounting structure of the optical semiconductor 
array module. 

Description of the Prior Art 

A conventional technique relating to an optical sem- 
iconductor array module is already known in Electronic 
Materials, Vol. 33, No. 12, 1994. 

In an optical semiconductor array module 600 
which is shown in the above conventional technique, a 
semiconductor laser array 63 having a plurality of lasers 
arrayed on a straight line is aligned on a silicon sub- 
strate 65, as shown in the perspective view of Figure 16. 
At this time, the semiconductor laser array 63 is assem- 
bled on the silicon substrate 65 with markers, formed on 
the substrate surface by a photolithographic process at 
the same time as formation of V-shaped grooves for 
optical ffoer alignment, as guides, and is soldered and 
fixed to the silicon substrate 65 by direct flip-chip bond- 
ing. 

When, on the other hand, an optical fiber array 64 
with a plurality of optical fibers bundled is disposed, the 
array is arranged by V-shaped grooves (not shown) 
formed on the aforementioned silicon substrate 65, and 
also an optical fiber cap board 66 with V-shaped 
grooves (not shown) is aligned on the silicon substrate 
65 and fixed so that the semiconductor laser array 63 
and the optical fiber array 64 are optically coupled with 
each other. In Figure 16, reference numerals 67 and 68 
denote a plurality of wires and a plurality of wire bonding 
leads, respectively. 

Another conventional technique relating to an opti- 
cal semiconductor array module of this kind is also 
known in OKI research and development, Vol. 62, No. 1 , 
1995. 

This conventional technique is shown in Figures 
17A and 17B. In Figure 17A there is shown a longitudi- 
nal sectional view of an optical semiconductor array 
module 700 taken along line A-A of Figure 17B. As 
shown in Figure 17B, on one end (the right end of the 
figure) of the case 34 of the module 700, there are 
aligned a plurality of lead terminals 35 which provide 
external electrical connections, and from the other end 



(the left end of the figure) opposite to the lead terminal 
mounting end, an optical fiber array 36 is taken out. 

Along with this, the aforementioned module 700 is 
assembled so as to be mechanically fixed and mounted 

5 by means of four mounting holes 42, which are provided 
on a surface (i.e., surface of the paper) extending in a 
direction crossing the aforementioned lead terminals 35 
at right angles. In the interior of the case 34, a laser 
diode (LD) array 31 having a plurality of LDs aligned on 

io a straight line and a monitor photodiode (PD) array 32 
having a plurality of PDs aligned on a straight line are 
mounted through a base 33. On a pipe 39 fixed to the 
other end (the left end of the drawing) of the case 34, a 
flat lens array 38 is held and fixed, and on the end of this 

is pipe 39, a metal holder 37 having an optical fiber array 
36 embedded therein is directly fixed by YAG laser 
welding 40a. Consequently, the optical fiber array 36 is 
optically coupled to the LD array 31 through the flat lens 
array 38. 

20 The positioning in the optical-axis direction (direc- 
tion indicated by an arrow A in Figure 1 7A), between the 
LD array 31 , the flat lens array 38, and the optical fiber 
array 36, is performed by precisely processing the pipe 
39 to which the aforementioned flat lens array 38 is 

25 attached, in the thickness direction, and by putting both 
the base 33 having the LD array 31 mounted thereon 
and the metal holder 37 with the optical fiber array 36 
against the pipe 39. With this, the positioning alignment 
operation in the optical-axis direction is performed. Spe- 

30 cif ically, the optical f foer array 36 is constituted by multi- 
mode fibers comprising twelve optical fibers. These 
twelve optical f toers are inserted into V-shaped grooves 
formed in the top surface of a silicon substrate by aniso- 
tropic etching and are arranged, and these arranged f ib- 

35 ers are clamped by the aforementioned metal holder 37, 
which is assembled to the pipe 39 by YAG laser welding. 
In Figures 17A and 17B, reference numeral 40a 
denotes a point welded by YAG laser welding and refer- 
ence numeral 40 denotes a soldered portion. 

40 Still another conventional technique relating to the 
structure of the optical semiconductor array module is 
also described, for example, in Japanese Patent Unex- 
amined Publication No. 62-139375. 

In the structure of an optical semiconductor module 

45 800 of this conventional technique, as shown in a longi- 
tudinal sectional view of Figure 18, a semiconductor 
laser 43, a spherical lens 44, and a monitoring photodi- 
ode 45 are housed in the interior of the module and also 
an optical fiber 48 is held so as to be optically coupled 

so with respect to a sealed package 47 where a converging 
type refractive-index profile cylindrical lens 46 is her- 
metically fixed. 

At this time, an optical fiber holding member 49 
holding the aforementioned optical fiber 48 is fixed by a 

55 support member 50 so that the semiconductor laser 43 
is optically coupled to the optical fiber 48 through the 
aforementioned spherical lens 44 and the aforemen- 
tioned converging type refractive-index profile cylindri- 
cal lens 46. Then, the semiconductor laser module 
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constructed in this way is fixed through a thermo electric 
cooler 51 to the inner wall surface of a dual in-line pack- 
age 55 in which pins 54 are mounted in parallel rows 
along the two long edges of the package. 

In such a structure, the optical fiber 48 is taken out 
to the outside through an optical fiber taking-out hole 57 
provided on a surface (the right surface in Figure 18) 
perpendicular to the taking-out surface of the pins 54 of 
the dual in-line package 55 and is hermetically sealed 
by an optical fiber taking-out member 58. Reference 
numerals 52 and 53 denote a heat absorption part and 
a heat spreading part, respectively, and reference 
numeral 56 denotes a temperature detecting device. 

The aforementioned known techniques, however, 
have the following problems. 

That is, the structure of the optical semiconductor 
array module 600 of the aforementioned first conven- 
tional technique is a hybrid module mounting structure 
where the semiconductor laser array 63 and the optical 
fiber array 64 are mounted on the silicon substrate 65 so 
that they are optically aligned with each other. For this 
reason, in order to ensure the life of the optical align- 
ment between the semiconductor laser array 63 and the 
optical fiber array 64, they are required to be separated 
from the outside and hermetically sealed. The above 
module structure, however, is not a hermetically sealed 
structure. 

In addition, in the hybrid structure where the semi- 
conductor laser array 63 and the optical fiber array 64 
are mounted on the silicon substrate 65, the alignment 
of this module on an external circuit board such as com- 
munication equipment or the handling of the module is 
inconvenient and this hybrid module is not suitable for 
production. 

As a method of solving these problems, there is, for 
example, a method of housing the silicon substrate 65 
into a metal package case. This method, however, gives 
rise to the following problems: (1) Because the optical 
fiber array 64 extending from the silicon substrate 65 is 
of a pigtail type, the sealing of the package case has to 
be ensured at a connected portion with the package 
case and therefore hermetically sealing at this con- 
nected portion becomes an obstacle, and (2) In a case 
where the silicon substrate 65 is hermetically sealed in 
the package case, the semiconductor laser array 63 
must be electrically connected to the package case by 
some method in order to drive the semiconductor laser 
array 63 mounted on the silicon substrate 65. 

Thus, the structure of the optical semiconductor 
array module 600 of the aforementioned first conven- 
tional technique has not devoted sufficient attention to a 
technique for hermetically sealing an optically coupled 
portion of the hybrid module where the semiconductor 
laser array 63 and the optical fiber array 64 are assem- 
bled, handling of the hybrid module, or an electrically 
connecting technique in the case where the hybrid mod- 
" ule is mounted in a package case. 

In addition, the optical semiconductor array module 
700 of the aforementioned second conventional tech- 



nique has a structure where the LD array 31 and the 
leads 35 for external electrical connections are assem- 
bled on one end (the right end of the drawing) of the 
case 34 and where the module 700 is mechanically 

s fixed and mounted by the four fitting holes 42 provided 
on the surface (surface of the paper) extending in the 
direction crossing the leads 35 at right angles. There- 
fore, when this module 700 is attached to an external 
circuit board, it is connected to the external circuit board 

,o with the leads 35 protruded from the module 700. For 
that reason, an area where the leads 35 are connected 
is further necessary in addition to an area where the 
module 700 is attached, and consequently, an area 
where the module 700 is mounted becomes enlarged. 

is Additionally, for example, in a case where the leads 
35 and an external circuit board are soldered, various 
problems will tend to occur when the leads 35 are 
mounted due to states of connection, such as a varia- 
tion in the height adjustment of the leads 35, a variation 

20 in the position where the leads are connected to the 
external circuit board, and furthermore, wettability of 
solder. In order to spread the heat generated at the time 
of the drive current of the LD array 31 to the outside so 
that the LD array 31 is stably operated, it is, for example, 

25 considered that the module 700 is directly connected 
with respect to a spreading member by the four fitting 
holes 42. However, in that case, the connection of the 
leads 35 to the external circuit board must also be per- 
formed at the same timei and the positioning adjust- 

30 ment, between a position at which the module 700 is 
attached to the spreading member and a position at 
which the leads 35 are connected to the external circuit 
board, must be performed with accuracy. 

Also, in a case where the module 700 is mechani- 

35 cally fixed to an external circuit board or a spreading 
member by four fitting holes 42. the case 34 is undesir- 
ably deformed, for example, when foreign substances 
land on a surface to which the module 700 is attached, 
when the module 700 is firmly clamped by screws, or 

40 when thermal deformation of the external circuit board 
or spreading member is applied to the case 34. The 
deformation of the case 34 causes misalignment to 
occur between the LD array 31 and the optical fiber 
array 36 which are optically coupled within the case 34, 

45 and the misalignment in the optical axis gives rise to a 
coupling loss in the light output Particularly, in the case 
where the LD array 31 which has a plurality of semicon- 
ductor laser diode, light-emitting diode elements 
arranged in a row is optically coupled to the optical fiber 

so array 36 which has a plurality of optical fibers bundled, 
as compared with a case where a single semiconductor 
fiber is optically coupled to a single optical fiber, a large 
quantity of variation in the degradation of the optical 
coupling caused by misalignment occurs and a differ- 
55 ence between the light outputs of the optical fibers var- 
ies considerably. 

When parallel optical transmission is performed by 
the optical semiconductor array module 700, the output 
light beams from the respective optical fibers are 
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required to be uniform. Therefore, if a difference 
between the output light beams becomes considerably 
large by optical coupling loss, then it will become a seri- 
ous obstacle to parallel optical transmission. Thus, in 
the case of the optical semiconductor array module 700, 5 
the misalignment in optical coupling has a great influ- 
ence on optical transmission. Furthermore, the position- 
ing in the optical-axis direction, between the LD. array 
31 , the flat lens array 38, and the optical fiber array 36, 
is performed with optical-axis alignment by processing 10 
the thickness of the aforementioned pipe 39 with a high 
degree of accuracy. Therefore, if a position at which the 
flat lens array 38 is attached to the pipe 39 varies, the 
focused positions of the laser beams from the flat lens 
array 38 will change and the incident quantity of the 15 
laser beams to the optical fiber array 36 will be reduced. 
Also, no description is made of how the LD array 31 , the 
flat lens array 38, and the optical fiber array 36 are posi- 
tioned in the optical-axis and vertical directions. In addi- 
tion, because a multi-mode fiber is used as the optical 20 
fiber 36, the transmission loss of the multi-mode fiber is 
high in comparison with a single mode fiber, so there is 
the problem that high-speed and long-distance trans- 
mission cannot be made. 

Even in the structure of the optical semiconductor 25 
array module 700 of the aforementioned second con- 
ventional technique, as described above, sufficient con- 
sideration has not been given yet as to how the LD array 
31 is optically coupled to the leads 35 which are electri- 
cally connected to an external circuit, a method of 30 
mounting the module 700, how the LD array 31, the flat 
lens array 38, and the optical fiber array 36 are posi- 
tioned, and a structure where optical transmission is 
stably performed. 

Furthermore, although the optical semiconductor 35 
module 800 of the aforementioned third conventional 
technique has a structure where the heat generated by 
the semiconductor laser 43 is discharged from the 
thermo electric cooler 51, it is better to connect a heat 
spreading member directly to the wall of the package 55 40 
to which the thermo electric cooler 51 is attached, in 
order to most efficiently spread heat when the heat from 
the thermo electric cooler 51 is spreaded to the outside 
of the package 55. 

However, because the spreading surface of the 4S 
thermo electric cooler 51 is the same surface as the sur- 
face to which the dual in-line pins 54 are attached, the 
pins 54 become an obstacle to spread heat and it is dif- 
ficult to connect a spreading member directly to the wall 
of the package 55, so heat cannot be effectively so 
spreaded from the package 55. 

Also, in a case where an optical semiconductor 
array device is mounted, for example, within the dual in- 
line package 55 having these pins 54, the number of 
pins corresponding to that optical semiconductor array ss 
device is increased to several tens. Therefore, to dis- 
pose pins at the same intervals as those of the pins 54, 
the size of the package 55 becomes large due to the 
increased number of pins, or to avoid an increase in the 
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size of the package 55, it becomes a package with pins 
arranged at special narrow intervals and there is the 
problem that an electrical connection to an external cir- 
cuit board cannot be generalized because of the special 
narrow intervals. 

Particularly, in a case where the number of fibers is 
increased, the number of pins is to be increased in cor- 
respondence with this and an unnecessary increase in 
the size of the package cannot be avoided due to an 
increase in the number of pins. Also, in order to reduce 
a difference between the propagation delay times of the 
respective laser beams generated from the optical sem- 
iconductor array device, there is the need of equalizing 
electrical wiring lengths between the optical semicon- 
ductor array device and the pins to be electrically con- 
nected to an external circuit. In the case of the optical 
semiconductor array module 700 of the aforementioned 
second conventional technique, the electrical wiring 
lengths become nearly the same. But, in the case of the 
dual in-line pins 54, the electrical wiring length with the 
optical semiconductor array device varies for each of 
the pins. For this reason, a difference, between the 
propagation delay times of the respective laser beams 
emitted from the optical semiconductor array device, 
becomes large and becomes an obstacle to parallel 
optical transmission. 

SUMMARY OF THE INVENTION 

In view of the problems in the aforementioned con- 
ventional techniques, an object of the present invention 
is to provide an optical semiconductor array module of a 
novel structure which overcomes such problems found 
in the conventional techniques, thereby providing an 
optical semiconductor array module which has an excel- 
lent handling ability and also an excellent attaching abil- 
ity to both an external circuit board and a heat spreading 
member and which is capable of ensuring the reliabili- 
ties of incorporated semiconductor laser diode, light- 
emitting diode and photo diode array devices, a method 
of assembling the module, and an external board 
mounting structure of the module. 

More specifically, the optical semiconductor array 
module is used in a light source for parallel optical trans- 
mission performed between computers or equipments 
by using a plurality of optical fibers, and optically con- 
nects an optical semiconductor array device consisting 
of a plurality of semiconductor laser diode, light-emitting 
diode and photo diode elements with an optical fiber 
array consisting of a plurality of optical fibers. At this 
time, several tens of pins, which are used for being con- 
nected to an external circuit board, driving an optical 
semiconductor array device, and taking out electrical 
signals, are required in correspondence with the 
number of elements of the optical semiconductor array 
device. These pins can be arranged in the same way as 
a currently used dual in-line pins where terminals are 
arranged in two parallel rows at intervals of 0.1 inch 
(2.54 mm) and therefore has the advantage that the pin 
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interval can be used in common. On the other hand, if 
the number of pins is increased, it will be difficult in a 
conventional dual in-line pin package case shape to 
array the pins at the same pin intervals, and a package 
case structure with special pin intervals will be required. 5 

In addition, in the case of the dual in-line pins, the 
electrical wiring length with the optical semiconductor 
array element varies for respective terminals. Therefore, 
a large difference between propagation delay times will 
occur in the respective laser beams generated from the 10 
optical semiconductor array element and there is a seri- 
ous obstacle to parallel optical transmission. For this 
reason, an electrical wiring means or a pin shape 
becomes necessary where the electrical wiring path 
lengths to the optical semiconductor array element are is 
made equal to each other. 

Furthermore, in attaching the optica] semiconduc- 
tor array module to a circuit board, a method becomes 
necessary which stably fixes the module concurrently 
when the pins of the module are electrically connected 20 
and also fixes the module mechanically so that no mis- 
alignment in optical coupling occurs. Particularly in the 
optical semiconductor array module, the misalignment 
in optical coupling has a great influence on optical trans- 
mission, so a fixing method where no misalignment 2s 
occurs is needed. Furthermore, in order to operate sta- 
bly the light outputs of the optical semiconductor array 
device, the heat generated at the time of the driving of 
the element must be effectively discharged outside and 
therefore a package case structure where attaching of a 30 
heat spreading member is taken into consideration 
becomes necessary. 

Accordingly, the present invention proposes an 
optical semiconductor array module, which is con- 
structed so that a plurality of laser beams from an opti- 35 
cal semiconductor array element can be transmitted in 
parallel at the same time with a plurality of optical fibers 
while reducing a difference between propagation delay 
times and also is constructed so that the interval 
between the pins can be used for being mounted on an 40 
external circuit board even if the number of pins is 
increased. The present invention also proposes an opti- 
ca! semiconductor array module which is assembled so 
that H can be bonded so that no misalignment occurs for 
an electrical and mechanical connection and optical 45 
coupling and which is constructed so that several tens 
of pins can be disposed without increasing the size of 
the module. Furthermore, the present invention pro- 
poses an optical semiconductor array module which is 
assembled so that the heat generated by the optical so 
semiconductor array device and integrated circuit can 
be effectively spreaded. Moreover, the present invention 
proposes a method of fabricating the optical semicon- 
ductor array module and proposes an external board 
mounting structure of the optical semiconductor array ss 
module. 

To achieve the above objects, the optical semicon- 
ductor array module of the present invention has any 
one of the following structures. 



The optical semiconductor array module is used in 
a light source which performs communication between 
computers or equipment by using an optical fiber. A 
semiconductor array device consisting of a plurality of 
semiconductor laser diode, light-emitting diode and 
photo diode elements is optically coupled to an optical 
fiber array consisting of a plurality of optical fibers. Tens 
of electrode pins for being connected to an external 
integrated circuit board, driving the semiconductor array 
device, and outputting an electrical signal are needed in 
correspondence with the number of the elements of the 
semiconductor array device. If the electrode pins are 
arrayed in the same intervals as the intervals of a dual 
in-line package which has been widely used in an inte- 
grated circuit board, then the intervals of the electrode 
pins can be generalized. However, if the number of the 
electrode pins is increased, a conventional module of 
the type where electrode pins horizontally extend can- 
not have the same pin intervals as the dual in-line pack- 
age and will have special pin intervals. 

(1): An optical semiconductor array module com- 
prises an optical semiconductor array device con- 
stituted by a plurality of semiconductor laser diode, 
light-emitting diode elements or a plurality of semi- 
conductor photo diode elements, an electronic 
device for driving and controlling said optical semi- 
conductor array device, a cube-shaped package 
case for housing said optical semiconductor array 
device and said electronic device therein, an optical 
fiber array optically coupled to said optical semicon- 
ductor array device, a supporting member for hold- 
ing and fixing said optical fiber array to one surface 
of said cube-shaped package case, means for opti- 
cally coupling said optical semiconductor array 
device and said optical fiber array together, and an 
electrode pin having a plurality of pins for electri- 
cally connecting an external circuit board to said 
electronic device. The pin is formed by extending 
said pin from at least one of surfaces forming said 
package case, excluding a surface on which said 
optical semiconductor array device and said elec- 
tronic device are mounted and a surface opposite to 
that surface, and said plurality of pins are mounted 
in a surface of said lead which crosses at right 
. angies with a surface from which said optical fiber 
array is taken out, whereby said electronic device is 
mounted on said external circuit board through said 
plurality of pins and is electrically connected to said 
external circuit board. 

(2): In the module defined by (1), said terminal por- 
tion having said plurality of pins mounted therein is 
formed by extending said terminal portion from (A) 
a surface opposite to the surface of said package 
case from which said optical fiber array is taken out, 
and/or (B) a plurality of surfaces of said package 
case, excluding the surface from which said optical 
fiber array is taken out, and/or (C) a plurality of sur- 
faces of said package case, excluding the surface 
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from which said optica) fiber array is taken out and 
a surface opposite to that surface. 

(3) : In the module defined by (1), a heat spreading 
member is attached to the surface of said package 
case on which said optical semiconductor array s 
device and said electronic device are mounted 
inside. 

(4) : In the module defined by (1), said plurality of 
pins, mounted in said terminal portion, are mounted 

in (A) a direction of the surface of said package io 
case on which said optical semiconductor array 
device and said electronic device are mounted, 
and/or (B) a direction of the surface opposite to the 
surface of said package case on which said optical 
semiconductor array device and said electronic is 
device are mounted inside. 

(5) : In the module defined by (1), said plurality of 
pins, mounted in the surface of said terminal por- 
tion, are arrayed at least two rows. 

(6) : In the module defined by (1), said plurality of 20 
pins, mounted in the surface of said terminal por- 
tion, are arrayed at least three rows and three col- 
umns. 

(7) : In the module defined by (5) or (6), the pins, 
mounted in the surface of said terminal portion, are 25 
disposed so that an interval, between the centers of 
adjacent pins, is between 1.0 mm and 3.0 mm. 

(8) : In the module defined by (7). the pins, mounted 
in the surface of said terminal portion, are disposed 

so that an interval, between the centers of adjacent 30 
pins, is 2.54 mm. 

(9) : In the module defined by (1), said cube-shaped 
package case where said optical semiconductor 
array device and said electronic device are housed 

is isolated from the outside and hermetically 35 
sealed. 

(10) : In the module defined by (1). said terminal 
portion in which said plurality of pins are mounted is 
constituted by part of a member which forms part of 
said package case. 40 

(11) : In the module defined by (1), a circuit element 
for adjusting electric characteristics of said elec- 
tronic device is attached to a surface opposite to the 
surface of said terminal portion in which said pins 
are mounted. 45 

(12) : In the module defined by (1), a member, which 
constitutes part of said package case and has said 
optical semiconductor array device or said elec- 
tronic device mounted on the inner surface, is 
formed by at least one material of an alloy of copper so 
and tungsten, an alloy of aluminum and silicon car- 
bide, aluminum nitride, an alloy of aluminum and sil- 
icon, composite metal of copper and invar, and 
silicon. 

(13) : In the module defined by (10), a member, ss 
which constitutes part of said package case and 
has a portion which constitutes said terminal por- 
tion, is constituted by a multilayered structure 
formed with a plurality of boards where an electric 



wire can be provided on each surface. 

(14) : In the module defined by (13), the multilayered 
member, which constitutes part of said package 
case and said terminal portion, is constituted by a 
combination of at least one of ceramic, glass, and 
silicon, and a metal conductor containing a Fe-Ni- 
Co alloy. 

(15) : In the module defined by (13), the multilayered 
member, which constitutes part of said package 
case and said terminal portion, has electric wires 
for electrically connecting said optical semiconduc- 
tor array device and said pins together through said 
electronic device. 

(16) : In the module defined by (1), said means for 
optically coupling said optical semiconductor array 
device and said optical fiber array together is con- 
stituted by a lens array plate where, a number of 
lenses corresponding in number to elements of said 
optical semiconductor array device are arranged on 
a line. 

(17) : In the module defined by (16), said lens array 
plate is of a generally rectangular flat shape and 
said plurality of lenses are arranged on the diagonal 
line of said generally rectangular flat shape at equal 
intervals. 

(18) : In the module defined by (16), a lens array 
plate supporting member for supporting said lens 
array plate is formed from at least two metallic 
members consisting of a member to which said lens 
array plate is directly fixed and a member which is 
joined and fixed to a side wall of said package case. 

(19) : An optical semiconductor array module com- 
prising: at least one of optical semiconductor array 
devices, the devices being constituted by a plurality 
of semiconductor laser diode, light-emitting diode 
elements or a plurality of semiconductor photo 
diode elements; an electronic device for driving 
said at least one optical semiconductor array 
device; an optical fiber array optically coupled to 
said at least one optical semiconductor array 
device, the optical fiber array being constituted by a 
plurality of optical fibers for performing optical trans- 
mission; a lens array constituted by a plurality of. 
lenses for optically coupling said at least one optical 
semiconductor array device and said optical fiber 
array so that they are in an optical transmission 
relationship; a lens array supporting member for 
supporting and fixing said lens array, the lens array 
supporting member being connected to a package 
where said at least one optical semiconductor array 
device and said electronic device are housed; and 
an optical fiber array supporting member for sup- 
porting and f being said optical fiber array, the optical 
fiber array supporting member being connected to 
said package through said lens array supporting 
member. The package, which houses said at least 
one optical semiconductor array device and said 
electronic device, is constituted by a heat spreading 
member on which said at least one optical semicon- 
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ductor array device is mounted, a multilayered elec- 
trode board member on which said electronic 
device is mounted and which is electrically con- 
nected to said at least one optical semiconductor 
array device through said electronic device, a side 5 
wall to which said lens array supporting member is 
connected and which is provided so as to surround 
said at least one optical semiconductor array device 
and said electronic device, and a cap fixed on the 
top of said side wall so that an inner space defined 10 
in said side wall is isolated from the outside. Elec- 
trode pins, which are provided on said multilayered 
electrode board member and are electrically con- 
nected to said at least one semiconductor array 
device, are taken out only from one flat surface of 75 
said multilayered electrode board member and are 
disposed in the same direction as said cap fixed on 
the top of said package. The heat spreading mem- 
ber is disposed in a direction opposite to the direc- 
tion in which said electrode pins are taken out. 20 

(20) : In the module defined by (19). said electrode 
pins, provided on said multilayered electrode board 
member, are arrayed in the same manner as the pin 
array and pin intervals of electrode pins of a dual in- 
line package. 25 

(21) : In the module defined by (19). said multilay- 
ered electrode board member has electric wires for 
electrically connecting said at least one optical 
semiconductor array device and said electrode pins 
together through said electronic device. 30 

(22) : In the module defined by (19). said heat 
spreading member is constituted by at least one 
material of an alloy of copper and tungsten, copper, 
and silicon. 

(23) : In the module defined by (19). said multilay- 35 
ered electrode board member is constituted by at 
least one material of ceramic, glass, and silicon. 

(24) : In the module defined by (19). said lens array 
is of a generally rectangular flat shape and said plu- 
rality of lenses are arranged on the diagonal line of 40 
said generally rectangular flat shape at equal inter- 
vals. 

(25) : In the module defined by (19). said lens array 
plate supporting member is formed from at least 
two metallic members consisting of a member to 45 
which said lens array plate is connected and fixed 
and a member which is joined and fixed to the side 
wall of said package. 

Particularly, the embodiments of the Herns (19) 
through (25) are constructed so that the electrode so 
leads can be arrayed at the same intervals as the 
dual in-line package and also the heat generated by 
the module can be efficiently spreaded. 

(26) : An optical semiconductor array module com- 
prises an optical semiconductor array device con- ss 
stituted by a plurality of semiconductor laser diode, 
light-emitting diode elements or a plurality of semi- 
conductor photo diode elements, an electronic 
device for driving and controlling said optical semi- 



conductor array device, a cube-shaped package 
case for housing said optical semiconductor array 
device and said electronic device therein, an optical 
fiber array opticatly coupled to said optical semicon- 
ductor array device, a supporting member for hold- 
ing and fixing said optical fiber array to one surface 
of said cube-shaped package case, means for opti- 
cally coupling said optical semiconductor array 
device and said optical fiber array together, and a 
terminal portion having a plurality of pins for electri- 
cally connecting an external circuit board to said 
electronic device. Said plurality of pins are mounted 
in a surface of said terminal portion and are arrayed 
in the form of a pin grid array where said pins are 
vertically mounted and arrayed in the form of a grid. 

(27) : In the module defined by (26), said terminal 
portion is formed by extending said terminal portion 
from at least one of surfaces forming said package 
case, excluding a surface on which said optical 
semiconductor array device and said electronic 
device are mounted inside and a surface opposite 
to that surface, and said plurality of pins are 
mounted in a surface of said terminal portion which 
crosses at right angles with a surface from which 
said optical ftoer array is taken out, whereby said 
electronic device is mounted on said external circuit 
board through said plurality of pins and is electri- 
cally connected to said external circuit board. 

(28) : In the module defined by (26). said terminal 
portion having said plurality of pins mounted therein 
is formed by extending said terminal portion from 
(A) a surface opposite to the surface of said pack- 
age case from which said optical fiber array is taken 
out, and/or (B) a plurality of surfaces of said pack- 
age case, exduding the surface from which said 
optical fiber array is taken out and/or (C) a plurality 
of surfaces cf said package case, excluding the sur- 
face from which said optical fiber array is taken out 
and a surface opposite to that surface. 

(29) : In the module defined by (26), a heat spread- 
ing member is attached to the surface of said pack- 
age case on which said optical semiconductor array 
device and said electronic device are mounted 
inside. 

(30) : In the module defined by (26), said plurality of 
pins mounted in said terminal portion are mounted 
in (A) a direction of the surface of said package 
case on which said optical semiconductor array 
device and said electronic device are mounted, 
and/a (B) a direction of the surface opposite to the 
surface of said package case on which said optical 
semiconductor array device and said electronic 
device are mounted inside. 

(31) : In the module defined by (26), said plurality of 
pins, mounted in the surface of said terminal por- 
tion, are arrayed in four parallel rows in the same 
direction as the direction in which said optical fiber 
array is taken out 

(32) : In the module defined by (26). said plurality of 
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pins, mounted in the surface of said terminal por- 
tion, are arrayed at least two parallel rows. 

(33) : In the module defined by (31) or (32), the pins, 
mounted in the surface of said terminal portion, are 
disposed so that an interval, between the centers of s 
adjacent pins, is between 1.0 mm and 3.0 mm. 

(34) : In the module defined by (33), the pins, 
mounted in the surface of said terminal portion, are 
disposed so that an interval, between the centers of 
adjacent pins, is 2.54 mm. w 

(35) : In the module defined by (26), said cube- 
shaped package case where said optical semicon- 
ductor array device and said electronic device are 
housed is isolated from the outside and hermeti- 
cally sealed. 15 

(36) : In the module defined by (26), said terminal 
portion in which said plurality of pins are mounted is 
constituted by part of a member which forms part of 
said package case. 

(37) : In the module defined by (26), a circuit ele- 20 
ment for adjusting electric characteristics of said 
electronic device is attached to a surface opposite 

to the surface of said terminal portion in which said 
pins are mounted. 

(38) : In the module defined by (26), a member, 2s 
which constitutes part of said package case and 
has said optical semiconductor array device and 
said electronic device mounted on the inner sur- 
face, is formed by at least one materia) of an alloy of 
copper and tungsten, an alloy of aluminum and sili- 30 
con carbide, aluminum nitride, an alloy of aluminum 
and silicon, composite metal of copper and invar, 
and silicon. 

(39) : In the module defined by (36), the member, 
which constitutes part of said package case and 35 
has a portion which constitutes said terminal por- 
tion, is constituted by a multilayered structure 
formed with a plurality of boards where an electric 
sheet can be provided on each surface. 

(40) : In the module defined by (39), said member, ao 
which constitutes part of said package case and 
has a portion which constitutes said terminal por- 
tion and which is constituted by a multilayered 
structure formed with a plurality of boards where an 
electric sheet can be provided on each surface, is as 
formed in the form of steps in the interior of the 
package case so that the electric sheet formed in 
each board is exposed to a surface of each board, 
and said electric sheet exposed to each board sur- 
face is electrically connected to said electronic so 
device. 

(41) : In the module defined by (39), the multilayered 
member, which constitutes part of said package 
case and has a portion which constitutes said ter- 
minal portion, is constituted by a combination of at ss 
least one of ceramic, glass, and silicon, and a metal 
conductor containing a Fe-Ni-Co alloy. 

(42) : In the module defined by (39), the multilayered 
member, which constitutes part of said package 



case and has a portion which constitutes said ter- 
minal portion, has electric sheets for electrically 
connecting said optical semiconductor array device 
and said pins together through said electronic 
device. 

(43) : In the module defined by (26), said means for 
optically coupling said optical semiconductor array 
device and said optical fiber array together is con- 
stituted by a lens array plate where a plurality of 
lenses corresponding in number to elements of said 
optical semiconductor array device are arranged on 
a line. 

(44) : In the module defined by (43), said lens array 
plate is of a generally rectangular flat shape and 
said plurality of lenses are arranged on the diagonal 
line of said generally rectangular flat shape at equal 
intervals. 

(45) : In the module defined by (43), a lens array 
plate supporting member for supporting said lens 
array plate is formed from at least two metallic 
members comprising a member to which said lens 
array plate is directly fixed and a member which is 
joined and fixed to a side wail of said package case. 

In addition, to achieve the aforementioned 
objects, the fabrication method of the present 
invention has any one of the following structures. 

(46) : A method of fabricating the optical semicon- 
ductor array module as set forth in (19), comprising 
the steps of: 

on the package, which is constituted by the 
electrode board member provided with said 
heat spreading member and said electrode 
pins and said side wall, fixing said at least one 
optical semiconductor array device at a prede- 
termined position on said heat spreading mem- 
ber; fixing said electronic device at a 
predetermined position on said electrode 
board member; and applying wire bonding so 
that said at least one optical semiconductor 
array device and said electrode board member 
are electrically connected together through 
said electronic device; 

adjusting said lens array supporting member 
supporting and fixing said lens array in a direc- 
tion of a surface crossing an optical axis at right 
angles so that an optical axis line of said at 
least one semiconductor array device becomes 
aligned with that of said lens array, and then 
joining and fixing thereto to the side wall of said 
package; 

joining and fixing said cap on the top of said 
side wall of said package to hermetically seal 
said at least one semiconductor array device 
and said electronic device; 
emitting a laser beam between said at least 
one semiconductor array device and said opti- 
cal fiber array through said lens array and 
adjusting said optical fiber array in an optical 
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axis direction so that the optical axis line of said 
at least one semiconductor array device 
becomes aligned with that of said optical fiber 
array, and joining and fixing said optical fiber 
array to said optical fiber array supporting 5 
member; 

adjusting said optical fiber array supporting 
member in the direction of the surface crossing 
the optical axis at right angles; and 
joining and fixing said optical fiber array sup- io 
porting member to the side wall of said pack- 
age through said lens array supporting 
member. 

(47): A method of fabricating an optical semicon- 75 
ductor array module where both an optical semi- 
conductor array device constituted by a plurality of 
semiconductor laser diode, light-emitting diode ele- 
ments or a plurality of semiconductor photo diode 
elements and an electronic device for driving and 20 
controlling said optical semiconductor array device 
are housed in a cube-shaped package case, an 
optical fiber array inserted in an optical fiber array 
supporting member is attached to a side surface of 
said package case, and an end of said optical fiber 25 
array is optically coupled to said optical semicon- 
ductor array device through a lens array plate hav- 
ing of a plurality of lenses, comprising the steps of: 

mounting a board on a side wall forming part of 30 
said package case and also on an inner sur- 
face of a plate-shaped fixing member forming a 
bottom portion of said package case, the board 
forming part of said package case and having a 
plurality of pins mounted therein and also hav- 35 
ing said electronic device mounted thereon; 
mounting said optical semiconductor array 
device at a predetermined position on a sur- 
face of said plate-shaped fixing member and ; 
said electronic device at a predetermined posi- 40 
tion on a surface of said board; 
electrically connecting said optical semicon- 
ductor array device and said electronic device 
together; 

attaching said lens array plate supporting as 
member having said lens array plate fixed 
thereto to said side wall; 
attaching a cap on the top of said side wall to 
hermetically seal an inner space of said side 
wall; so 
attaching said optical fiber array fixed to said 
optical fiber array supporting member to said 
side surface of said package case; 
when said lens array plate supporting member 
having said lens array plate fixed thereto is ss 
attached to said side wall, emitting light from 
some of a plurality of light-emitting elements of 
said optical semiconductor array device and 
adjusting a position of said lens array plate so 



that the optical axis line of each element of said 
optical semiconductor array device becomes 
aligned with that of each lens of said optical 
fiber array plate and then joining and fixing said 
lens array plate by welding; 
adjusting optical coupling between a laser 
beam being passed through said lens array 
plate and said optical fiber array; and 
joining and fixing said optical fiber array sup- 
porting member to the side wall of said pack- 
age case through said lens array plate 
supporting member by welding. 



In addition, to achieve the aforementioned 
objects, the external board mounting structure of 
the optical semiconductor array module of the 
present invention has any one of the following 
structures. 

(48) : An external board mounting structure for 
mounting the optical semiconductor array module 
as set forth in (26) oh an external circuit board, 
wherein a plurality of pins provided in a terminal 
portion of said optical semiconductor array module 
are mechanically and electrically connected to said 
external circuit board and also a heat spreading 
member, is connected and fixed to a surface on 
which said optical semiconductor array device and 
said electronic device are mounted. 

(49) : In the structure defined by (48), said optical 
semiconductor array module which is mechanically 
and electrically connected to said external circuit 
board is connected and fixed only by said plurality 
of pins provided in the terminal portion of said opti- 
cal semiconductor array module. 

Furthermore, to achieve the aforementioned 
objects, there is provided a parallel optical transmission 
system for driving and controlling an optical semicon- 
ductor array module to perform parallel optical transmis- 
sion, wherein the optical semiconductor array module 
as set forth in claim 1 is used as a communication 
means or parallel optical transmission means between 
computers, between exchanges, between an exchange 
using an optical switch and a box, between boards, 
between personal computers, and between work sta- 
tions, or is used as a communication means or parallel 
optical transmission means for home image communi- 
cation equipment communication equipment for 
games, and vehicle control equipment. 

In the optical semiconductor array modules accord- 
ing to (1) through (18) of the present invention con- 
structed as described above, the terminal portion is 
extended from at least one of the side surfaces of the 
package case and is formed. On the surface of this ter- 
minal portion, the pins corresponding in number to the 
elements of the optical semiconductor array device are 
mounted. Therefore, even if the number of the pins is 
increased, the area of the terminal portion can be 
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increased, and it becomes possible to dispose the pins 
at desired intervals without increasing the size of the 
module including the package case. Furthermore, 
according to the arrayed structure of the terminal por- 
tion, there is provided an optical semiconductor array 5 
module which can be reliably and firmly attached to an 
external circuit board. Moreover, the following advanta- 
geous effects are obtained. 

(a) According to the attached structure of the ele- 10 
ment of the package case which constitutes the 
aforementioned optical semiconductor array mod- 
ule, a heat spreading member is connected directly 

to the surface of the package . case on which heat 
generating elements are mounted, and conse- 15 
quently. the heat generated by the module can be 
efficiently spreaded. 

(b) According to the constitution of the pins dis- 
posed on the terminal portion which constitutes the 
aforementioned optical semiconductor array mod- 20 
ule. the module is suitable for being mounted on the 
top surface or under surface of an external circuit 
board. Furthermore, if the pins are arrayed in the 
same manner as a pin grid array package which is 

in general use, then a mounting operation can be 25 
simplified and also a mounted structure can be 
generalized. 

(c) By isolating the package case of the aforemen- 
tioned optical semiconductor array module from the 
outside and hermetically sealing the package case, 30 
the electrical coupling and optical coupling, 
between the elements housed in the package case, 
can be satisfactorily held independently of the envi- 
ronment under which the module is used, and the 

life of the module can be assured. Furthermore, the 35 
heat, generated by the elements in the module, can 
be efficiently spreaded. 

(d) By attaching the circuit element for adjusting 
electric characteristics to a surface opposite to the 
surface of the terminal portion of the aforemen- 40 
tioned optical semiconductor array module in which 
pins are mounted, it becomes possible to simply 
adjust the electric characteristics even after each 
element of the module is hermetically sealed. 

(e) The material of each member which constitutes 45 
the aforementioned optical semiconductor array 
module is excellent in heat transfer rate, and the 
heat generated by the elements in the module can 

be efficiently spreaded. The aforementioned termi- 
nal portion having pins mounted therein is consti- so 
tuted by a multilayered structure formed by stacking 
a plurality of boards where an electric wire can be 
provided on each surface. With this, attaching of 
elements becomes easy and the length of the elec- 
tric wire can be shortened. Particularly, high-speed ss 
and high-frequency driving of the optical semicon- 
ductor array device can be performed. With the 
material of the muHilayered board, a welding defect 
in the board can be prevented when the multilay- 



ered board is welded and fixed. 

(f) According to the electric wiring structure which 
constitutes the aforementioned optical semicon- 
ductor array module, the wiring distance between 
the elements mounted in the module becomes 
shortest, and particularly, high-speed and high-fre- 
quency driving of the optical semiconductor array 
device becomes possible. 

(g) Means for optically coupling the optical semi- 
conductor array device and optical fiber array of the 
aforementioned optical semiconductor array mod- 
ule is constituted by a lens array plate where a plu- 
rality of lenses corresponding in number to the 
elements of the optical semiconductor array device 
are arranged on a line. The lens array plate is of a 
generally rectangular flat shape, and a plurality of 
lenses of the lens array plate are arranged on the 
diagonal line of the generally rectangular flat shape 
at equal intervals. With the use of the lens array 
plate, better optical coupling is obtained. The lens 
array plate supporting member for supporting the 
lens array plate is formed from two metallic mem- 
bers. This makes it possible to reliably join and fix 
the lens array plate supporting member to the side 
wall of the package case which constitutes the opti- 
cal semiconductor array module. 

In the optical semiconductor array modules accord- 
ing to (19) through (25) of the present invention, the 
package for housing a semiconductor laser diode, light- 
emitting diode and photo diode element array and an 
electronic device is constituted by a heat spreading 
member, a multilayered electrode board member, a side 
wall, and a cap fixed on the top of the side wall. The 
semiconductor laser diode, light-emitting diode and 
photo diode element array is optically coupled to the 
optical f foer array through the lens array joined and fixed 
to the side wall of the package. 

More specifically, the lens array supporting member 
having the tens array fixed thereto is connected to the 
side wall of the package so that the space in the pack- 
age is isolated from the outside, and the optical fiber 
array, which is optically coupled to the semiconductor 
laser diode, light-emitting diode and photo diode ele- 
ment array mounted inside the package, is disposed 
outside the package. Furthermore, the cap is fixed on 
the top of the side wall of the package. With this 
arrangement, the optically coupled portion, between the 
semiconductor laser diode, light-emitting diode and 
photo diode element array, the electronic device, and 
the lens array, can be isolated from the outside and her- 
metically sealed. 

In addition, the semiconductor laser diode, light- 
emitting diode and photo diode element array is electri- 
cally connected to the electrode pins provided on the 
electrode board member through the electric wiring 
formed on the multilayered electrode board member, 
whereby bonding lines can be shortened and also can 
be easily attached. Moreover, high-speed and high-fre- 
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quency driving of the semiconductor laser diode, light- 
emitting diode and photo diode element array can be 
performed. 

Furthermore, the electrode pins, which are electri- 
cally connected to the semiconductor laser diode, light- 
emitting diode and photo diode element array, are taken 
out only from one flat surface of the murtilayered elec- 
trode board member. With this, the electrode pins do not 
need to be taken out horizontally from both sides of the 
package as a conventional technique does. A plurality 
of electrode pins can be formed on the top surface of 
the electrode board member in the same manner as the 
pin array and pin intervals of a dual in-line package. 
Therefore, the mounting of the electrode leads to cur- 
rently used IC boards can be generalized. 

In addition, the heat spreading member can be pro- 
vided in the direction opposite to the direction in which 
the electrode leads are taken out, whereby a connection 
to a module fixing member, provided with an integrated 
circuit board and heat spreading fins, can be performed 
through the top and under surfaces of the module. 
Therefore, the mounting of the module to an integrated 
circuit board and the heat spreading of the module can 
be easily and efficiently performed. Furthermore, by 
forming the module into a box shape, handling and 
operability can be facilitated. 

In the optical semiconductor array modules accord- 
ing to (26) through (45) of the present invention, the ter- 
minal portion is extended from at least one of the side 
surfaces of the package case and is formed. On the sur- 
face of this terminal portion, the pins corresponding to 
the number of the elements of the optical semiconduc- 
tor array device are mounted. Therefore, even if the 
number of the pins were increased, the area of the ter- 
minal portion could be increased, and it becomes possi- 
ble to dispose the pins at desired intervals without 
increasing the size of the module including the package 
case. Furthermore, the distances to the elements of the 
optical semiconductor array device can be shortened 
and the same, whereby there is provided stable parallel 
optical transmission where a difference between the 
propagation delay times of the elements of the optical 
semiconductor array device is small. 

According to the arrayed structure of the terminal 
portion, the module is suitable for being disposed and 
mounted on an external circuit board. Also, the terminal 
portion with pins which is fixed to an external circuit 
board is disposed away from the optically coupled por- 
tion between the LD array and the optical fiber array, 
and the module is fixed only by pin grid array terminals. 
This arrangement provides an optical semiconductor 
array module where no misalignment in an optically 
coupled portion occurs when the module is fixed and 
which can be reliably and firmly attached to an external 
circuit board. 

Moreover, the following advantageous effects will 
be obtained. 

(a) According to the attached structure of the ele- 



ment of the package case which constitutes the 
aforementioned optical semiconductor array mod- 
ule, a heat spreading member is connected directly 
to the surface of the package case on which heat 
5 generating elements are mounted, and conse- 
quently, the heat generated by the module can be 
efficiently spread ed. 

(b) According to the constitution of the pins dis- 
posed on the terminal portion which constitutes the 

io aforementioned optical semiconductor array mod- 
ule, the module is suitable for being mounted on the 
top surface or bottom surface of an external circuit 
board. Furthermore, if the pins are arrayed in the 
same manner as a pin grid array package which is 

is in general use, then a mounting operation can be 
simplified and also a mounted structure can be 
generalized. 

(c) According to the constitution of the pins dis- 
posed on the terminal portion which constitutes the 

20 aforementioned optical semiconductor array mod- 
ule, the pins are arrayed in at least two parallel rows 
in a package case with a size of 12.7 mm wide 
which is widely used and is becoming a standard 
type. Also, by arraying pins in four parallel rows, the 

25 pins corresponding to the number of the elements 
of the optical semiconductor array device can be 
suitably and effectively arrayed in a size of 12.7 mm 
wide. Furthermore, the pins can be arrayed without 
increasing the size of the package case. 

ao (d) By isolating the package case of the aforemen- 
tioned optical semiconductor array module from the 
outside and hermetically sealing the package case, 
the electrical coupling and optical coupling, 
between the elements housed in the package case, 

35 can be satisfactorily held independently of the envi- 
ronment under which the module is used, and the 
life of the module can be assured. Furthermore, the 
heat, generated by the elements in the module, can 
be efficiently spreaded. 

40 (e) By attaching the circuit element for adjusting 
electric characteristics to a surface opposite to the 
surface of the terminal portion of the aforemen- 
tioned optical semiconductor array module in which 
pins are mounted, it becomes possible to simply 

45 adjust the electric characteristics even after each 
element of the module is hermetically sealed, 
(f) The material of each member which constitutes 
the aforementioned optical semiconductor array 
module is excellent in heat transfer rate, and the 

so heat generated by the elements in the module can 
be efficiently spreaded. The aforementioned termi- 
nal portion having pins mounted therein is consti- 
tuted by a multilayered structure formed by stacking 
a plurality of boards where an electric wire can be 

55 provided on each surface. Furthermore, the multi- 
layered board is formed in the form of steps in the 
interior of the package case. Accordingly, the ele- 
ments can be easily attached and connected and 
the lengths of the electric wires can be shortened 
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and uniform. Therefore, particularly, high-speed 
and high-frequency driving of the optical semicon- 
ductor array device can be made possible. In addi- 
tion, stable parallel optical transmission, where a 
difference between the propagation delay times of 
the elements of the optical semiconductor array 
device is small, can be performed. Furthermore, 
with the material of the multilayered board, a weld- 
ing defect in the board can be prevented when the 
multilayered board is welded and fixed, 
(g) According to the electric wiring structure which 
constitutes the aforementioned optical semicon- 
ductor array module, the multilayered board is 
formed in the form of steps in the interior of the 
package case. Accordingly, the elements can be 
easily connected, and the lengths of the electric 
wires, between the optical semiconductor array 
device and the pin, can be shortened and nearly 
uniform. Therefore, particularly, high-speed and 
high-frequency driving of the optical semiconductor 
array device can be made possible. In addition, sta- 
ble parallel optical transmission, where a difference 
between the propagation delay times of the ele- 
ments of the optical semiconductor array device is 
small, can be performed. 

(hj Means for optically coupling the optical semi- 
conductor array device and optical fiber array of the 
aforementioned optical semiconductor array mod- 
ule is constituted by a lens array plate where a plu- 
rality of lenses corresponding to the number of the 
elements of the optical semiconductor array device 
are arranged in a line. The lens array plate is of a 
generally rectangular flat shape, and a plurality of 
lenses of the lens array plate are arranged on the 
diagonal line of the generally rectangular flat shape 
at equal intervals. With the use of the lens array 
plate, better optical coupling is obtained. The lens 
array plate supporting member for supporting the 
lens array plate is formed from two metallic mem- 
bers. This makes it possfcle to reliably join and fix 
the lens array plate supporting member to the side 
wall of the package case which constitutes the opti- 
cal semiconductor array module. 

According to the method of fabricating an optical 
semiconductor array module of (46) and (47) of the 
present invention, the optical semiconductor array 
device, housed in the package case constituting the 
optical semiconductor array module, is aligned with the 
optical fiber array with a high degree of accuracy and 
then they are joined and fixed. Also, the package case 
can be hermetically sealed. Therefore, an optical semi- 
conductor array module, which has better optical char- 
acteristic and where reliability in interior elements are 
assured, is obtainable. 

According to the externa) board mounting structure 
of the optical semiconductor array module of (48) and 
(49) of the present invention, pin grid array terminals are 
used as pins which are provided in the terminal portion 



of the optical semiconductor array module. The pack- 
age case is not connected directly to an external circuit 
board but is mechanically and electrically connected 
through the pin grid array terminals. Furthermore, the 

5 terminal portion with the pins is positioned away from 
the optically coupled portion between the optical semi- 
conductor array device and the optical fiber array, and at 
that position, the module is fixed. With this arrange- 
ment, no deformation of the package case occurs when 

io the package case is mounted to the external circuit 
board, and stable optical transmission where no mis- 
alignment in the optically coupled portion occurs is 
obtained. 

According to the parallel optical transmission sys- 

t5 tern which performs parallel optical transmission by 
driving and controlling the optical semiconductor array 
module of the present invention proposed in the forego- 
ing, high-speed and high-frequency driving of the opti- 
cal semiconductor array device and parallel optical 

20 transmission are made possible. In addition, stable opti- 
cal transmission can be performed while preventing 
misalignment of the optical coupling. Furthermore, a 
mounting area to a board can be reduced. Therefore, by 
mounting a plurality of optical semiconductor array mod- 

25 ules on an external circuit board, there is provided a 
parallel optical transmission system which is used as a 
communication means or parallel optical transmission 
means, such as computers or exchanges which opti- 
cally transmit large amounts of data in parallel. Even if a 

30 plurality of optical semiconductor array modules are 
mounted on an externa) circuit board, the same parallel 
optical transmission system can be obtained. 

Now, a detailed description will hereinafter be made 
of the arrayed shape of the pins of the optical semicon- 

35 ductor array module proposed in the foregoing. 

In the case of 1C packages, a dual in-line package 
(DIP), a plastic leaded chip carrier (PLCC). a quad flat 
package (QFP), a pin grid array (PGA), and a ball grid 
array (BGA) are known as a shape of a lead pin which 

40 provides a mechanical and electrical connection. In par- 
allel transmission, the lengths of wires in a package are 
required to be short and uniform because a high-speed 
operation and simultaneity of each signal are required. 
Wrth respect to this purpose, butterfly types, PGAs, 

as and BGAs, where, the lengths of wires can be easily 
; shortened, are suitable, and PLCCs, QFPs, PGAs, and 
BGAs, where the lengths of wires can be easily made 
uniform, are suitable. DIPs with terminals arranged in 
parallel rows are unsuitable because the lengths of 

so wires differ at the central and opposite terminals. The 
optical semiconductor module is characterized in that it 
has optical fibers mounted thereon and also has an opti- 
cal coupling structure therein, tf the package case is 
deformed, then the optical coupling position, between 

55 the optical fibers, the lenses, and the laser diodes, will 
change and therefore optical coupling degradation will 
take place and stable optical transmission cannot be 
performed. 

This phenomenon will become conspicuous in the 
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optica! semiconductor array module which performs a 
plurality of optical couplings. On the other hand, in the 
package case structure with lead or pins of the PLCC, 
QFP, and butterfly types, the module needs to be fixed 
by an additional fastening means such as screws, 
because the package case is easily separated from the 
board in a case the package case is fixed only by the 
adhesive force of the terminals soldered to the board. 
When the module is fixed by screws, there is the danger 
of the package case being deformed due to overtighten- 
ing of screws, misalignment in screw holes, and strain 
caused by thermal deformation of the board. Thus, this 
package case structure is not suitable particularly as a 
package case for the optical semiconductor array mod- 
ule. 

Also, in the case of the BGA, the package case can 
be fixed by a strong firm adhesive force if soldering balls 
are provided over the entire bottom surface. However, 
since soldering balls are also provided near optical f b- 
ers, the optical fibers are heated concurrently when sol- 
dering balls are soldered, and consequently, there is 
possibility that heat generated will have an influence on 
the melting of the cover of the optical fiber or the life of 
the optical fiber. 

On the other hand, in the case of the PGA, a suffi- 
cient firm adhesive force is obtained because pins are 
inserted through the board and are joined. Pins can be 
provided near optical fibers and the package can be 
held and fixed reliably and firmly. In addition, because 
the module is fixed to the board through pins, screwing 
the module becomes unnecessary and eliminating 
deformation of the package case becomes possible. 
The PGA, as described above, can be formed so that 
the lengths of electric wires are short and uniform, and 
therefore can realize parallel optical transmission. Fur- 
thermore, replacing can be easily performed by using IC 
sockets. 

Thus/the PGA terminal shape can be said to be 
particularly suitable as a shape of the pins for meeting 
the requirements of the optical semiconductor array 
module that tens of pins need to be arranged, parallel 
optical transmission can be made, a plurality of optical 
couplings can be stably performed, and furthermore the 
mounting of the package oh the board can be per- 
formed easily and reliably. 

In addition, when the PGA terminals are used in the 
optical semiconductor array module, they need to be 
arranged at intervals of 0.1 inch (2.54 mm) so that an 
electrical connection to an external circuit board can be 
generalized. On the other hand, a package case with a 
size of 12.7 mm wide, which is widely used and is 
becoming a standard type, is suitable for generalization. 
In the package case of 12.7 mm wide, if pins are 
arranged in the form of a grid, they can be maximally 
arranged in five rows at intervals of 0.1 inch. But, since 
space is used for connecting the package case and the 
pins together, a sufficient distance to the side wall of the 
package case cannot be assured. Particularly, for a por- 
tion which constitutes a package case where pins are 



disposed, a multilayered ceramic board is used in many 
cases. In this case, if a distance to the side wall of the 
package case is insufficient, there will be the possibility 
that the ceramic board will crack. On the other hand, the 

5 minimum rows of the pins are three rows because they 
are arranged in the form of a PGA terminal. However, in 
the case of three rows, a distance to the side wall of the 
package case becomes longer. Therefore, when a mod- 
ule is mounted on the board, there is the danger that the 

7 0 fixing of the module will become unstable, and since the 
number of rows of pins is reduced, the number of pins in 
each row is necessarily increased and the size of the 
module is to be increased. 

Then, it is most preferable that pins are arrayed in 

75 four rows. In this four-row array, a sufficient distance to 
the side wall of the package case is obtained and also a 
module can be stably mounted on a board. Moreover, 
pins can be efficiently arrayed without increasing the 
size of the module. 

20 From these facts it is found, in a case where PGA 
terminals are mounted on the optical semiconductor 
array module and also the width of a package case is 
12.7 mm, that in order to array pins in the form of a grid 
at intervals of 0.1 inch, the terminals arrayed in four 

25 rows are in an optimum structure of arrays. When a plu- 
rality of pins are arrayed in the same way as the form of 
a pin grid array terminal in a case other than a package 
case with a size of 12.7 mm wide, for example, when 
pins are arrayed in package cases having sizes of 15.24 

30 mm, 1 7.8 mm and 25.4 mm increased at intervals of 0.1 
inch, it is preferable in either case that pins are arrayed 
in four parallel rows or more at intervals of 0.1 inch and 
also the maximum rows of pins meet an equation of 
(width of package case + 2.54 - 1). Furthermore, pins 

35 may be arrayed in rows where the module can be stably 
connected and fixed mechanically and electrically to an 
external circuit board only by the pins. 

Accordingly, the present invention provides an opti- 
cal semiconductor array module which has an excellent 

40 handling ability and also an excellent attaching ability to 
both an external circuit board and a heat spreading 
member and which is capable of ensuring reliability in 
an optical semiconductor array device. The present 
invention also provides an optical semiconductor array 

45 module constructed so that a plurality of laser beams 
from an optical semiconductor array device can be 
transmitted in parallel at the same time while reducing a 
difference between propagation delay times and also 
constructed so that the mounting of the pins on an 

so external circuit board could be generalized even if the 
number of pins were increased. Furthermore, the 
present invention provides an optical semiconductor 
array module constructed so that it can be electrically 
and mechanically connected while preventing misalign- 

55 ment and also constructed so that several tens of termi- 
nal pins can be disposed without increasing the size of 
the module. Moreover, the present invention provides 
an optical semiconductor array module constructed so 
that the heat generated by the optical semiconductor 
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array device can be effectively spreaded. Finally, the 
present invention provides a method of fabricating the 
aforementioned optical semiconductor array module 
and provides an external board mounting structure of 
the aforementioned optical semiconductor array mod- 5 
ule. 

The above and other objects and advantages of the 
present invention will become apparent from the follow- 
ing detailed description when read in conjunction with 
the accompanying drawings. ™ 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectional view taken along line I- 1 of 
Figure 2 showing the internal structure of an optical 15 
semiconductor array module which is a first embod- 
iment of the present invention; 
Figure 2 is a plan view of the optical semiconductor 
array module which is the first embodiment of the 
present invention; 

Figure 3 is a side view showing the mounting struc- 
ture of the optica! semiconductor array module of 
the first embodiment of the present invention to an 
external board; 

Figure 4 is a schematic view showing a parallel opti- 
cal transmission system of optical semiconductor 
array modules constituted by using the optical sem- 
iconductor array module of Figure 1 in a quantity of 
a plurality of numbers at the same time; 
Figure 5 is a sectional view taken along line V-V of 
Figure 6 showing the structure of an optical semi- 
conductor array module which is a second embodi- 
ment of the present invention; 
Figure 6 is a plan view showing the optical semi- 
conductor array module which is the second 
embodiment of the present invention; 
Figure 7 is a side view showing the mounting struc- 
ture of the optical semiconductor array module of 
Figure 6 to an external board; 
Figure 8 is a plan view showing the structure of an 
optical semiconductor array module which is a third 
embodiment of the present invention; 
Figure 9 is a plan view showing the pin structure of 
an optical semiconductor array module which is a 
fourth embodiment of the present invention; 
Figure 1 0 is a plan view showing the pin structure of 
an optical semiconductor array module which is a 
fifth embodiment of the present invention; 
Figure 11 is a partly-enlarged view showing the 
mounting structure between a semiconductor laser 
diode, light-emitting diode and photo diode array 
device and an IC, which is a sixth embodiment of 
the present invention; 

Figure 12 is a front view showing the structure of a 
lens array plate which is a seventh embodiment of 
the present invention; 

Figure 13 is a front view showing the structure of a 
lens array plate which is an eighth embodiment of 
the present invention; 



Figure 14 is a longitudinal sectional view showing 
the structure of a lens array plate supporting mem- 
ber which is a ninth embodiment of the present 
invention; 

Figure 15 is a longitudinal sectional view showing 
the structure of another lens array plate supporting 
member which is the ninth embodiment of the 
present invention; 

Figure 16 is a perspective view showing the struc- 
ture of a conventional, optical semiconductor array 
module; 

Figure 17A is a sectional view taken along A-A of 
Figure 17B showing the structure of another con- 
ventional, optical semiconductor array module; 
Figure 17B is a plan view showing the structure of 
the conventional, optical semiconductor array mod- 
ule; and 

Figure 18 is a sectional view showing the structure 
of still another conventional, optical semiconductor 
array module. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention will 
hereinafter be described in detail while referring to the 
drawings. In the following description some wire bond- 
ing leads and electric wires are not illustrated for the 
purpose of avoiding the complexity of the description. 

First, a first embodiment of the present invention 
will be described with Figures 1 through 3. 

In these figures, the mounted structure of an optical 
semiconductor array module 100 in this embodiment is 
shown in Figure 3 and the internal detailed structure of 
the optical semiconductor array module 100 is shown in 
Figures 1 and 2. A sectional view shown in Figure 1 is a 
sectional view taken along sectional line I- 1 in a plan 
view of the optical semiconductor array module 100 
shown in Figure 2. 

In Figure 3 the optical semiconductor array module 
100 is attached to (the bottom surface of) an external 
circuit board 22 by means of a plurality of pins 1 1 so that 
the module 100 can be connected mechanically and 
electrically to the board 22. More specifically, in the 
package case of this optical semiconductor array mod- 
ule 100, an optical fiber array 3 including a plurality of 
optical fibers is taken out from one surface (the right 
surface of the figure) of a plurality of surfaces forming 
the package case. On a surface opposite to the surface 
from which the optical fiber array 3 is taken out, part of 
the package case of the optical semiconductor array 
module 100 is extended to form a terminal portion, and 
on a surface (in this embodiment an upper surface) of 
the terminal portion crossing at right angles with the 
surface from which the optical fiber array 3 is taken out, 
the aforementioned plurality of pins 1 1 are mounted and 
disposed. 

Incidentally, roughly speaking, the package case of 
the optical semiconductor array module 100 in this 
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embodiment is constituted by a stem 4 which is a device 
fixing member for mounting a laser diode array 1 ther- 
eon, an interior circuit board 5 fixed on the stem 4, a 
side wall 9 where the laser diode array 1, etc., are 
housed and also a lens array plate supporting member 5 
7 is joined and fixed, and a cap 10 fixed on the top end 
of the side wall 9. Specifically, the optical fiber array 3, 
optically coupled to the laser diode array 1 through the 
lens array plate supporting member 7 and an optical 
fiber array guide 8, is taken out from one end surface w 
(the right end surface of the figure) of the side wall 9 of 
the package case. From the other surface the terminal 
portion extends, and on the surface of. the terminal por- 
tion which crosses at right angles with the surface from 
which the optical fiber array 3 is taken out, the afore- 15 
mentioned plurality of pins 11 are mounted and dis- 
posed. 

According to such a structure, the optical semicon- 
ductor array module 100 is mounted to the external cir- 
cuit board 22 through the plurality of pins 11, and also 20 
the laser diode array and the drive control circuit, 
housed in the interior of the package case, are electri- 
cally wired. Also, on the external circuit board 22 there 
are mounted various devices, such as an LSI 59, a tran- 
sistor 60, and capacitors 61. Between these devices 25 
and the optical semiconductor array module 100, an 
electrical signal is input and output. 

On the other hand, in the optical semiconductor 
array module 100, a heat spreading member 19 with 
heat spreading fins 20 is mounted on a surface (a lower 30 
surface of the figure) opposite to the surface from which 
the pins 1 1 connected to the external circuit board 22 is 
taken out so that the heat spreading member is con- 
nected directly to the module 100. 

In the optical semiconductor array module 100 con- 35 
structed in this way, it is preferable, when the module 
100 is mounted in various Wnds of equipment, that in 
the state where the module 100 with the heat spreading 
member 19 is mounted on the external circuit board 22, 
that is, the total thickness of the optical semiconductor ao 
array module 100. the heat spreading member 19, and 
the external circuit board 22, for example, will be less 
than 13.5 mm. 

Also, as described above, the terminal portion, hav- 
ing a plurality of pins 1 1 mounted on the surface cross- 45 
ing at right angles with the surface from which the 
aforementioned optical fiber array 3 is taken out, is not 
attached directly to a surface (upper and lower surfaces 
of the drawing) crossing at right angles with the afore- 
mentioned optical fiber array taking-out surface of the . so 
package case constituting the aforementioned optical 
semiconductor array module 100, but, rather, from the 
side opposite to this optical fiber array taking-out sur- 
face, the terminal portion extends so as to be away from 
the optically coupled portion between the laser diode ss 
array 1 and the optical fiber array 3, and the pins 1 1 are 
mounted on the surface which crosses at right angles 
with the surface from which the optical fiber anay is 
taken out. whereby the portion in which these pins 11 



are mounted is separated from the package case hous- 
ing the laser diode array or from the optically coupled 
portion. 

According to the aforementioned structure, even in 
a case where several tens of pins 1 1 are needed, only 
the area of the terminal portion in which the pins are 
mounted is increased without increasing the size of the 
package case and it becomes possible to avoid an 
increase in the size of the entire optical semiconductor 
array module 100. At the same time, because the opti- 
cal semiconductor array module 100 is not connected 
directly to the board 22 but is mechanically and electri- 
cally connected through the pins 11, no deformation of 
the package case occurs when the package case is 
mounted to the board, and stable optical coupling hav- 
ing no misalignments is obtained. 

The interior structure of the optical semiconductor 
array module 100 where the mounted structure was 
described in the foregoing will next be described in 
detail in reference to Figures 1 and 2. In the optical sem- 
iconductor array module 100 shown in these figures, a 
plurality of pins (electronic leads) 1 1 for facilitating the 
aforementioned attaching to the external circuit board 
22 are arranged in four parallel rows in the same direc- 
tion as the direction where the optical fiber array 3 is 
taken out, and are arranged in the form of a lattice at pin 
11 intervals of 0.1 inch (2.54 mm) so that they are 
arranged in the same way as a pin-grid array. The opti- 
cal semiconductor array module 100 is also constructed 
into a box-shaped package case so that the heat 
spreading member 19 with the heat spreading fins 20 
can be connected directly to a surface opposite to the 
surface of the aforementioned external circuit board 22 
to which the terminals 1 1 are attached. 

The optical semiconductor array module 100 is 
used for transmitting, for example, transmission data of 
twelve channels at the same time. Roughly speaking, 
the optical semiconductor array module 100 is provided 
with the laser diode array 1 and the optical fiber array 3 
optically coupled to the laser diode array for performing 
optical transmission. The laser diode array 1 is consti- 
tuted, for example, by twelve semiconductor laser 
diode, light-emitting diode elements, such as laser 
diodes, arranged in a row at equal intervals. The optical 
ftoer array 3 is constituted, for example, by twelve sin- 
gle-mode optical fibers arranged in a row at equal inter- 
vals. The optical semiconductor array module 100 is 
further provided with a lens array plate 6 having a plural- 
ity of lenses arranged on a flat plate so that the laser 
diode array 1 and the optical fiber array 3 are in an opti- 
cal transmission relationship, an integrated circuit (IC) 2 
electrically connected to the laser diode array 1 for con- 
trolling the array 1. and a stem 4. The stem 4 forms part 
of the package case where the laser diode array 1 and 
the IC 2 are housed and is also a device fixing member 
where the laser diode array 1 is mounted on the surface. 
The optical semiconductor array module 100 is further 
provided with an interior circuit board 5 consisting of a 
multilayer structure, a lens array plate supporting mem- 
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ber 7, an optical fiber array guide 8. and a cap 10. The 
interior circuit board 5 forms part of the package case, 
has the aforementioned IC 2 mounted on the surface, 
and is provided with a plurality of pins 1 1 for an electri- 
cal connection with the laser diode array 1. The lens 5 
array plate supporting member 7 supports and fixes the 
lens array plate 6 and is joined and fixed to the side wall 
9 which forms part of the package case provided so as 
to surround the aforementioned laser diode array 1 and 
IC 2. The optical fiber array guide 8 supports and fixes 10 
the optical fiber array 3 and is joined and fixed to the 
side wall 9 of the package case through the lens array 
plate supporting member 7. The cap 10 is fixed to the 
top of the side wall 9 of the package case so that the 
aforementioned laser diode array 1 and IC 2 are her- 15 
metically sealed. 

Part of the interior circuit board 5 of multilayer struc- 
ture which forms part of the package case, as described 
above, projects from the side wall 9 of the aforemen- 
tioned package case and is extended, and on the top 20 
surface a plurality of pins 1 1 are mounted in the form of 
a pin-grid array terminals. In this way. the aforemen- 
tioned terminal portion is constructed. 

As described above and as also evident in Figures 
1 and 2, on the top surface of the stem 4 which forms 25 
part of the package case housing the laser diode array 
1 and the IC 2, there are provided both the interior cir- 
cuit board 5 of a multilayer structure, which is electrically 
connected to the laser diode array i and has the IC 2 
mounted thereon and is provided with a plurality of pins 30 
11, and the side wall 9 formed so as to surround the 
laser diode array 1 and the IC 2. On the top of the open- 
ing portion of the side wall 9. the cap 10 is fixed so that 
the inner space of the side wall 9 is isolated from the 
outside. 

The side wall 9 is provided with a through hole 9a 
through which the lens array plate supporting member 7 
supporting and fixing the lens array plate 6 is inserted. 
The through hole 9a and the lens array plate supporting 
member 7 are joined and fixed so that the inner space 
of the side wall 9 is isolated from the outside. It is pref- 
erable that a difference in thermal expansion coefficient, 
between a metal material constituting the through hole 
9a of the side wall 9 to which the lens array plate sup- 
porting member 7 is joined and fixed and a metal mate- 
rial constituting the lens array plate supporting member 
7, be less than 3 x lO'VC. In this embodiment, stain- 
less steel, SUS 430. is used. 

The members constituting the side wall 9 and the 
through hole 9a are joined and fixed by silver soldering. 
Also, on one end of the lens array plate supporting 
member 7 joined and fixed to the side wall 9, the optical 
fiber array guide 8 supporting and fixing the optical ffoer 
array 3 is joined and fixed. Note that since a single- 
mode fiber is used as an optical fiber, high-speed and 
long-distance transmission can be realized with low 
transmission loss, and large-capacity transmission can 
be achieved by the module. 

At a predetermined position on the top surface of 



the stem 4, the laser diode array 1 is fixed. On the other 
hand, at a predetermined position on electric wiring (not 
shown) formed on the top surface of the interior circuit 
board 5 so as to be electrically connected to the laser 
diode array 1. the aforementioned IC 2 is mounted. The 
laser diode array 1 is electrically connected to the elec- 
tric wiring 12 of the interior circuit board 5 through the IC 
2 by the wire bonding leads 13. Also, the aforemen- 
tioned interior circuit board 5 comprises a multilayered 
board formed with material consisting, for example, of 
ceramic and a metal conductor, and on part of this inte- 
rior circuit board 5, a plurality of pins 1 1 are disposed for 
being electrically connected to an external circuit. 

The plurality of pins 1 1. as described above, are in 
four parallel rows in the direction where the optical fiber 
array 3 is taken out, and are disposed in the same form 
as a pin-grid array terminals where pins are arrayed in 
the form of a lattice at intervals of 0.1 inch (2.54 mm). 
More specifically, the interval (P in Figure 2) between 
the pins 11 is an interval between the centers of adja- 
cent pins 11 and is between 1.0 mm and 3.0 mm. To 
improve the common specification of the connection to 
the external circuit board 22, it is preferable that the pins 
11 be arrayed at 0.1 -inch intervals. In this embodiment, 
the interval (P in Figure 2) of the pins 1 1 is taken to be 
2.54 mm. 

In the multi-layer interior circuit board 5 with the plu- 
rality of pins 1 1 . electric wires electrically connected to 
the aforementioned IC 2 are formed in a plurality of lay- 
ers constituting the interior circuit board 5, respectively. 
According to this arrangement, a signal, input from the 
pins 1 1 through the interior circuit board 5 to the IC 2, is 
input to the laser diode array 1 through the wire bonding 
lead 13. The interior circuit board 5 is formed in the form 
of steps in the interior of the package case so that the 
electric wire formed in each layer is exposed to the layer 
surface. The electric wire on each surface of the 
stepped shape is electrically connected to the IC 2 by 
the wire bonding lead 13. The electric wires formed in 
the respective layers of the interior circuit board 5 are 
formed so that the lengths of the electric wires are short 
and become almost the same between each of the pins 
1 1 and the laser diode array 1 through the IC 2. 

The stem 4 and the interior circuit board 5 are 
joined and fixed by silver soldering. To prevent silver sol- 
der from flowing onto the surface to which the laser 
diode array 1 is attached, when the stem 4 and the 
board 5 are joined and fixed, a recessed-shape groove 
4a is formed between the portion of the stem 4 to which 
the laser diode array 1 is attached and the interior circuit 
board 5. Furthermore, in this embodiment the interior 
circuit board 5 is constructed so that part of the wiring of 
the interior circuit board 5 is exposed to the back sur- 
faces of the pins 1 1 . 

Thus, since part of the wiring of the interior circuit 
board 5 is exposed, part of the exposed wiring of the 
interior circuit board 5 is electrically connected to the 
pins 1 1 and also to the laser diode array 1 or the IC 2, 
and it becomes possible to attach a circuit element 18 
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for changing the wiring resistance of the IC 2. Accord- 
ingly, this embodiment can be constructed so that the 
adjustment and control of an electric signal, for exam- 
ple, between the laser diode array 1, the IC 2, and the 
pins 11, can be changed from the outside. Also, in this 
embodiment, an alloy (CuW) of copper (Cu) and tung- 
sten (W) having high heat spreading is used as a metal- 
lic material which constitutes the stem 4. 

The lens array plate supporting member 7 is pro- 
vided with a square or circular through-hole at the cen- 
tra! portion thereof and is in a generally two-step 
cylindrical shape consisting of a small-diameter portion 
and a large-diameter portion. On the end surface of the 
small-diameter portion of the lens array plate supporting 
member 7. the lens array plate 6 is joined and fixed by a 
low melting point glass composed of PbO and B2O3 so 
that the member 7 and the plate 6 are hermetically 
sealed. 

For the lens array plate supporting member 7, the 
distance, between the surface of the stepped portion of 
the lens array plate supporting member 7 and the end 
surface of the lens array plate 6. is previously adjusted 
and constructed so that there is a predetermined dis- 
tance between the laser beam emitting portion of the 
laser diode array 1 and the laser beam receiving portion 
of the lens array plate 6. Also, it is preferable that a dif- 
ference in thermal expansion coefficient, between the 
metallic material constituting the lens array plate sup- 
porting member 7 and the glass material constituting 
the lens array plate 6, be less than 3 x 10' 6 /°C. In this 
embodiment, stainless steel SUS 430, made by a metal 
injection molding method which sinters and molds metal 
powder, is used. 

The optical fiber array guide 8 is in a generally cylin- 
drical shape provided with a central through-hole 
through which the optical f toer array 3 is supported and 
fixed. The optical fiber array 3 is in a square shape, but 
a portion to which the optical fiber array guide 8 is 
attached is in a circular shape. The circular portion of 
the optical fiber array 3 is inserted into the through hole 
of the optical fiber array guide 8 and is fixed. 

The optical fiber array 3 has a laser beam incident 
end 17 at one end thereof. The laser beam incident end 
17 is inclined and polished so that a laser beam, 
reflected at the incident end 17 of the optical fiber array 

3, is prevented from returning to the laser diode array 1 
again. It is preferable that the inclined surface of the 
incident end 17 of the optical fiber array 3 is inclined at 
an angle of 4 degrees or more. In this embodiment, the 
inclined surface of the incident end 17 is inclined at an 
angle of eight degrees. 

While the incident end 1 7 of the optical fiber array 3 
shown in Figure 1 has been formed so that the inclined 
surface is directed toward the upper cap 10. the present 
invention is not limited to this upwardly directed surface. 
Even if the incident end 17 were formed so that the 
inclined surface is directed downward toward the stem 

4, the same advantageous effect as the foregoing would 
be obtainable. 



In addition, in this embedment the gap, between 
the inner diameter of the thrcugh-hole provided in the 
optical fiber array guide 8 and the outer diameter of the 
optical fiber array 3, is u meters in counts of tens, i.e., 

5 10, 20, 30 SO. By gap accuracy such as this, the 

optical fiber array 3 is prevented from being tilted in the 
through-hole of the optical fiber array guide 8. As metal- 
lic materials constituting the optical fiber array 3 and the 
optica! fiber array guide 8, stainless steel SUS 430 is 
10 used. Also, in this embodiment, the optical fiber array 3 
and the optical fiber array guce 8 have been made by 
metal machining, but instead of this, they may also be 
made by metal injection molding, which sinters and 
molds metal powder. 
75 . The fabrication method or procedure of the optical 
semiconductor array module 100 where the detailed 
constitution has been described in the foregoing, and 
the mounted structure of the module will next be 
described. First the interior circuit board S having pins 
20 11 mounted in part thereof a.-vd the side wall 9 are 
mounted on the stem 4 to form a package case. There- 
after, to house and mount the laser diode array 1 and 
the IC 2 in the package case, the laser diode array 1 is 
fixed at a predetermined posrtcn on the top surface of 
25 the stem 4. 

On the other hand, the IC 2 is fixed at a predeter- 
mined position on the electric wiring formed on the inte- 
rior circuit board 5. The electric wiring 12 exposed to the 
stepped surfaces of the interior circuit board 5 is con- 
30 nected to the IC 2 by the wire fcxDnding lead 13, and the 
IC 12 is likewise connected to the laser diode array 1 by 
the wire bonding lead 1 3. For example, marks, including 
marking-off lines, grooves, or laser marks, are provided 
on the top surface of the stem 4 to precisely mount the 
35 laser diode array 1 at the predetermined portion when it 
is fixed, and with these marks, the end portion of the 
laser diode array 1 is positioned and fixed. In this case, 
since an optical coupling state is determined by the 
. positional relationship between the incident end 17 of 
40 the optical fiber array 3 attached by the optical fiber 
array guide 8 and the lens array plate 6 to be described 
also in the following, it is desirable that the mounting of 
the laser diode array 1 is performed with a positional 
accuracy of ± 3 jxm with respect to a predetermined 
45 position. 

Subsequently, the lens array plate supporting mem- 
ber (lens holder) 7 having the lens array plate 6 
attached thereto is inserted into the through hole 9a 
provided in the side wall 9 which constitutes the pack- 
50 age case. At this time, current is supplied to the laser 
diode array 1 to generate a laser beam, whereby the 
optical axis line of the laser diode array 1 is aligned with 
that of the lens array plate 6. That is, the position of the 
lens array plate supporting member 7 in contact with the 
55 side wall 9 of the package case is adjusted in the direc- 
tion (X-Y direction in Figure 1) on a plane which crosses 
the optical axis at right angles by an image observing 
means so that the optical coupling between the support- 
ing member 7 and the side wall 9 is in an optimum state. 
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At this time, it is preferable that the distance, between 
the step surface of the intermediate portion of the lens 
array supporting member 7 and the end surface of the 
lens array plate 6, is adjusted beforehand so that a dis- 
tance, between the laser emitting portion (in Figure 1 
the right end) of the laser diode array 1 fixed on the stem 
4 and the laser beam receiving portion of the lens array 
plate 6, becomes a predetermined length. 

The alignment in the optical coupling, between the 
laser diode array 1 and the lens array plate 6, is per- 
formed by observing the laser beams being passed 
through the opposite lenses of a plurality of lenses 
arrayed on the lens array plate 6 and then concentrically 
forming the laser beams being passed through the 
opposite lenses onto the corresponding lens, respec- 
tively. 

After such a positional adjustment of the lens array 
plate supporting member 7, the step surface of the 
intermediate portion of this lens array plate supporting 
member 7 is joined and fixed to the side wall 9 which 
constitutes the package case. This joining and fixing is 
done by welding the entire circumference of the lens 
array plate supporting member 7. for example, by YAQ 
laser welding 14. Thereafter, the cap 10 is placed on the 
top of the side wall 9 which constitutes the package 
case, and is joined and fixed by seam welding. Accord- 
ingly, the laser diode array 1, the 1C 2, and the optically 
coupled portion between the laser diode array 1 and the 
lens array plate 6, housed in the interior of the package 
case, can be isolated from the outside and hermetically 
sealed. 

Next, the optical fiber array guide 8 having the opti- 
cal fiber array 3 inserted therein is placed on the end 
surface of the lens array plate supporting member 7 
fixed to the side wall 9 of the package, and the optical 
fiber array 3 is optically coupled to the laser diode array 
1 through the lens array plate 6 attached to the lens 
array plate supporting member 7. Furthermore, the 
position of the optical fiber array 3 inserted in the optical 
fiber array guide 8 is adjusted in the optical-axis direc- 
tion (2 direction in Figure 1) so that the axial line of the 
laser diode array 1 is aligned with that of the optical fiber 
array 3 through the lens array plate 6 and also this opti- 
cal coupling is in an optimum state. After the adjustment 
of the optical coupling in this optical axis direction, the 
optical fiber array 3 is joined and fixed to the optical fiber 
array guide 8 by YAG laser welding. The portion joined 
and fixed by this YAG laser welding is designated by ref- 
erence numeral 16. 

Thereafter, optical coupling is again performed 
between the laser diode array 1 and the optical fiber 
array 3 through the lens array plate 6. and the position 
of the optical fiber array guide 8 in contact with the end 
surface of the lens array plate supporting member 7 is 
adjusted in the direction (X-Y direction in Figure 1) 
which crosses the optical axis at right angles so that the 
optical coupling is in an optimum state. Finally, after the 
adjustment of the optical coupling in the optical axis 
direction, the optical fiber array guide 8 is joined and 



fixed to the lens array plate supporting member 7 by 
YAG laser welding. The portion joined and fixed by this 
YAG laser welding is designated by reference numeral 
15. 

5 The array shape of a plurality of pins 1 1 arranged 
on the optical semiconductor array module 100 will 
hereinafter be described in detail. In the case of IC 
packages, a dual in-line package (DIP), a plastic leaded 
chip carrier (PLCC), a quad flat package (QFP), a pin 
w grid array (PGA), and a ball grid array (BGA) are known 
as a shape of a lead pin which provides a mechanical 
and electrical connection. |n parallel transmission, the 
lengths of wires in a package need to be short and uni- 
form because a high-speed operation and simultaneity 
75 of each signal are required. With respect to this pur- 
pose, butterfly types, PGAs, and BGAs, where the 
lengths of wires can be easily shortened, are suitable, 
and PLCCs. QFPs, PGAs, and BGAs, where the 
lengths of wires can be easily made uniform, are suita- 
20 ble. DIPs with terminals arranged in parallel rows are 
unsuitable because the lengths of wires differ at the 
central and opposite terminals. 

The optical semiconductor module is characterized 
in that it has optical fibers mounted thereon and also 
25 has an optical coupling structure. If the package case is 
deformed, then the optical coupling position, between 
the optical fibers, the lenses, and the laser diodes, will 
change and therefore optical coupling degradation will 
take place and stable optical transmission cannot be 
30 performed. This phenomenon will become conspicuous 
in the optical semiconductor array module 100 where a 
plurality of optical couplings are performed. 

On the other hand, in the package case structure 
with lead or pins of the PLCC, QFP, and butterfly types, 
3$ the module needs to be fixed by an additional fastening 
means such as screws, because the package case is 
easily separated from the board in a case the package 
case is fixed only by the adhesive force of the terminals 
soldered to the board. When the module is fixed by 
40 screws, there is the danger of the package case being 
deformed due to overtightening of screws, misalign- 
ment in screw holes, and strain caused by thermal 
deformation of the board. Thus, this package case 
structure is not suitable particularly as a package case 
45 for the optical semiconductor array module 1 00. 

Also, in the case of the BGA, the package case can 
be fixed by a strong firm adhesive force if soldering balls 
are provided over the entire bottom surface. However, 
since soldering balls are also provided near optical fib- 
so ers, the optical fibers are heated concurrently when sol- 
dering bails are soldered, and consequently, there is 
possibility that heat generated has an influence on the 
melting of the cover of the optical fiber or the life of the 
optical fiber. On the other hand, in the case of the PGA, 
55 a sufficient firm adhesive force is obtainable because 
pins are inserted through the board and are joined. Pins 
can be provided near optical fibers and the package can 
be held and fixed reliably and firmly. In addition, 
because the module is fixed to the board through pins, 
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screwing the module becomes unnecessary and elimi- 
nating deformation of the package case becomes possi- 
ble. 

The PGA, as described above, can be formed so 
that the lengths of electric wires are short and uniform 
and therefore can realize parallel optical transmission. 
Furthermore, replacing can be easily performed by 
using IC sockets. Thus, the PGA terminal shape can be 
said to be excellent as a shape of the pins 1 1 for meet- 
ing the requirements of the optical semiconductor array 
module 100 that tens of pins need to be arranged, par- 
allel optical transmission can be made, a plurality of 
optica! couplings can be stably performed, and further- 
more the mounting of the package on the board can be 
performed easily and reliably. 

In addition, when the PGA terminals are used in the 
optical semiconductor array module, they need to be 
arranged at intervals of 0.1 inch (2.54 mm) so that an 
electrical connection to an external circuit board can be 
generalized. On the other hand, a package case with a 
size of 12.7 mm width, which is widely used and is com- 
ing to be standardized, is suitable for generalization. In 
the package case of 12.7 mm width, H pins 11 can be 
arranged in the form of a grid, they can be maximally 
arranged in five rows at intervals of 0.1 inch. But, since 
space is used for connecting the package case and the 
pins 1 1 together, a sufficient distance to the side wall of 
the package case cannot be assured. 

Particularly, in a portion which constitutes a pack- 
age case where pins 11 are disposed, a multilayered 
ceramic board is used in many cases. In this case, if a 
distance to the side wall of the package case is insuffi- 
cient there will be the possibility that the ceramic board 
will crack. 

On the other hand, the minimum rows of the pins 1.1 
are three rows because they are arranged in the form of 
a PGA terminal. However, in the case of three rows, a 
distance to the side wall of the package case becomes 
longer. Therefore, when a module is mounted on the 
board, there is the danger that the fixing of the module 
will become unstable, and since the number of rows of 
pins 1 1 is reduced, the number of pins in each row is 
necessarily increased and the size of the module is to 
be increased. Then, it is most preferable that pins be 
arrayed in four rows. In this four-row array, a sufficient 
distance to the side wall of the package case is obtain- 
able and a module can be stably mounted on a board. 
Furthermore, pins 1 1 can be efficiently arrayed without 
increasing the size of the module. 

From these facts it is found, in a case where PGA 
terminals are mounted on the optical semiconductor 
array module 1 00 and also a package case has a size of 
12.7 mm, that in order to array pins in the form of a grid 
at intervals of 0.1 inch, the terminals arrayed in four 
rows are in an optimum array shape of the pins 1 1 . 

When a plurality of pins 1 1 are arrayed in the same 
way as the form of a pin grid anay terminal in a case 
other than a package case with a size of 12.7 mm width, 
for example, on package cases having sizes of 15.24 



mm, 1 7.8 mm and 25.4 mm increased at intervals of 0.1 
inch in the form of a grid, it is preferable in either case 
that pins are arrayed in four parallel rows or more at 
intervals of 0.1 inch and also the maximum rows of pins 
5 meet an equation of (width of package case + 2.54 - 1). 
Furthermore, pins 1 1 may be arrayed in rows where the 
module can be stably connected and fixed mechanically 
and electrically to the external circuit board 22 only by 
the pins 11. 

10 For the optical semiconductor array module 100 
where the details of the interior structure, the fabrication 
method, and the mounted structures of the elements in 
the module have been described, as has been 
described in Figures 1 through 3, a plurality of pins 11 

75 which constitute pin grid array terminals are mounted in 
any one of four surfaces, excluding a surface opposite 
to the surface on which the laser diode array 1 and the 
IC 2 are directly mounted inside, among a plurality of 
surfaces of the package case which constitutes the 

20 aforementioned optical semiconductor array module 
100. In this embodiment, the plurality of pins 11 which 
constitute pin grid array terminals are mounted in the 
surface of the terminal portion, which extends from a 
surface opposite to the surface from which the optical 

25 fiber array 3 is taken out and also crosses at right 
angles with the surface from which the optical fiber array 
3 is taken out. With this arrangement, it becomes possi- 
ble to avoid an increase in the entire size of the optical 
semiconductor array module 100 without increasing the 

so size of the package case even if the number of pins 1 1 
were increased. 

In addition, the pin grid anay terminals are arrayed 
at a position away from the optically coupled portion 
between the laser diode array 1 and the optical fiber 

35 array 3, and also the module 100 is not fixed directly to 
the external circuit board 22 but is mechanically fixed 
through the pin grid array terminals. Therefore, defor- 
mation of the package case, which is caused by exter- 
nal force when the module 100 is mounted on the 

40 external circuit board 22, can be eliminated and also 
stable optical transmission with no misalignment in the 
optical coupling is obtainable. Also, since the module 
100 is fixed to the external circuit board 22 by the pin 
grid array terminals constituted by a plurality of pins 1 1 , 

as the optical semiconductor array module 100 can be 
• fixed reliably and firmly. 

Furthermore, the heat spreading member 19 with 
heat spreading fins 20 is connected directly to a surface 
opposite to the surface to which the aforementioned 

so external circuit board 22 is attached, among the sur- 
faces of the package case constituting the aforemen- 
tioned optical semiconductor anay module 100, that is, 
to the bottom surface of the stem 4 to which heat gener* 
ating bodies, such as the laser diode array 1 and the IC 

55 2 for driving the laser diode array 1, are attached. 
Accordingly, the heat generated in the module 100 can 
be efficiently discharged outside although pin grid array 
terminals are provided. 

Note that it is most preferable that the heat spread- 



19 



37 



EP 0 750 204 A1 



38 



ing member 19 is attached to the surface on which the 
heat generating bodies are mounted, among a plurality 
of surfaces of the package case which constitutes the 
optical semiconductor array module 100. 

While a single optical semiconductor array module 
100 has been described in detail, a plurality of optical 
semiconductor array modules can be used at the same 
time when needed. Figure 4 shows the structure of a 
plurality of optical semiconductor array modules 100 
mounted on an external circuit board 22a and also a 
system where parallel optical transmission is performed 
by the optical semiconductor array modules 100 
mounted on the external circuit board 22a. Thus, even 
when a plurality of optical semiconductor array modules 
are used at the same time, they become structurally 
simple. 

A detailed description will be made of a case where 
a plurality of optical semiconductor array modules 100 
are used at the same time. The plurality of optical sem- 
iconductor array modules 100 are attached to a single 
external circuit board 22a, and heat spreading members 
19 are attached to these modules, respectively. That is, 
the respective optical semiconductor array modules 100 
are electrically and mechanically connected to the 
external circuit board 22a through pins 1 1 which consti- 
tute pin grid array terminals, and structurally in the form 
of surface mounting, the modules 100 are mounted on 
the surface of the board 22a and the driving control and 
signal processing of the laser diode arrays 1 in the mod : 
uies are performed. 

The aforementioned spreading member 19 is pro- 
vided with the spreading fins 20, whereby the heat, gen- 
erated by the laser diode array 1 and the IC 2, is 
efficiently spreaded outside and stable optical transmis- 
sion can be performed. Note that LSls 63, an MPU, and 
CPUs 62, which input and output an electrical signal to 
the optical semiconductor array modules 100, and a 
plurality of optical connectors 23, which are optically 
connected to an external board, are mounted on one 
end of the board 22a, respectively. The optical connec- 
tors 23 correspond in number to the optical fibers which 
constitute an optical f foer array 24 connected and fixed 
to the optical semiconductor array module 100. For 
example, in the case of the optical fber array 24 consti- 
tuted by twelve optical fibers bundled, it is suitable that 
MPO connectors are used on the ends of the optical f b- 
ers, and MPO connectors are mounted in correspond- 
ence with the number of the optical semiconductor array 
modules 100 mounted on the board 22a. 

If a plurality of optical semiconductor array modules 
100 are mounted and used in the external circuit board 
22a at the same time, as described above, the number 
of transmission channels can be increased to several 
times as compared with the case of a single semicon- 
ductor array module and also a large amount of trans- 
mission data can be transmitted at a high speed in a 
parallel manner. In addition, the external circuit boards 
22a each having a plurality of optical semiconductor 
array modules 100 mounted thereon, as shown in the 



top of Figure 4, are used, for example, as parallel optical 
transmission means between a device 25 and a device 
25a, between computers, between exchanges, between 
an exchange using an optical switch and a box, 

5 between boards, between personal computers, and 
between work stations, or are used as communication 
means or parallel optical transmission means for home 
image communication equipment, communication 
equipment for games, and vehicle control equipment, 

10 whereby a large quantity of transmission data can be 
transmitted at a high speed in a parallel manner, as in 
the above case, and furthermore, optical transmission 
can be made without being influenced by external 
noise, because data is transmitted with light 

is While it has been described in Figure 4 that a plu- 
rality of the aforementioned optical semiconductor array 
modules 100 are mounted and used in the board 22, 
there would be no problem even if a single optical sem- 
iconductor array module is mounted on the board 22a 

20 and used, depending upon purposes or circumstances 
where it is used. In addition, by connecting the devices 
25 and 25a together with optical array codes 26 consti- 
tuted by bundling a plurality of optical fiber arrays 24, 
areas on which the devices 25 and 25a are mounted 

25 can be effectively used and also wiring can be simpii- 

. tied. 

The optical semiconductor array module 100 in the 
first embodiment of the present invention described in 
Figures 1 through 4 is accordingly constructed as fol- 

30 lows. That is, in the optical semiconductor array module 
100 constructed as described above, the package case 
having the laser diode array 1 and the IC 2 housed 
therein is constructed by the stem 4, the murtilayered 
interior circuit board 5, the side wall 9, and the cap 10 

as fixed on the top of the side wall 9, and the laser diode 
array 1 is optically coupled to the optical fiber array 3 
through the lens array plate 6 joined and fixed to the 
side wall 9 of the package case. 

The lens array plate supporting member 7 having 

40 the lens array plate 6 fixed thereto is fixed to the side 
wall 9 of the package case by welding the entire circum- 
ference at the welding portion 14 so that the interior 
space of the package case is isolated from the outside. 
Also, the optical fiber array 3, optically connected to the 

45 laser diode array 1 mounted in the interior of the pack- 
age case, is disposed outside the package case. Fur- 
thermore, by fixing the cap 10 on the top of the side wall 
9 of the package case by seam welding, the electrically 
coupled portion between the laser ,diode array 1 

so mounted in the interior of the package case and the IC 
2 and the optically coupled portion between the laser 
diode array 1 and the lens array plate 6 can be hermet- 
ically sealed so that the coupled portions can be iso- 
lated completely from the outside. 

55 Particularly, a plurality of pins 11 which are electri- 
cally connected to the laser diode array 1 are arrayed on 
the interior circuit board 5 in four parallel rows in the 
same direction as the direction where the optical fiber 
array 3 is taken out, and the pins 1 1 are disposed in the 
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same way as a pin grid array package where pins are 
arrayed in the form of a grid at intervals of 0.1 inch. With 
this, the pins can be integrated.and arrayed on the same 
surface of the interior circuit board 5, and with such a 
constitution, tens of pins 11 can be arrayed without 5 
increasing the size of the module 100. 

Thus, by constituting the pins 11 in the same way 
as a pin grid array package which has widely been 
used, the connection of the module 100 to the external 
circuit board 22 can be generalized. In addition, since 10 
the pins 1 1 are arrayed at a position away from the opti- 
cally coupled portion between the laser diode array 1 
and the optical fiber array 3 and also the module 100 is 
electrically and mechanically connected and fixed to the 
external circuit board 22 only by the pin grid array termi- 75 
nals, no deformation of the package case occurs when 
the module 100 is mounted on the external circuit board 
22 and also stable optical transmission with no mis- 
alignment in the optical coupling is obtainable. 

Furthermore, by directly connecting the heat 20 
spreading member 1 9 with the heat spreading fins 20 to 
the bottom surface 21 of the stem 4 which is a surface 
opposite to the surface from which the pins 1 1 are taken 
out, the external circuit board 22 to which the pins 1 1 
are connected becomes no obstacle and the heat 2s 
spreading member 19 can be attached. Accordingly, the 
heat generated by the laser diode array 1 can be effi- 
ciently discharged outside. 

The pins 1 1 provided on the interior circuit board 5 
is electrically connected to the laser diode array 1 30 
through the electric wiring 12 and IC 2 formed on the 
multilayered board which: constitutes the interior circuit 
board 5. According to the aforementioned structure, the 
wire bonding lead 13 can be shortened and easily 
mounted, and the laser diode array 1 can be driven at a 35 
high speed with high frequency. Moreover, the electric 
wires formed in the layers of the interior circuit board 5 
are adjusted so that the lengths of the electric wires 
become the same between the plurality of pins 1 1 and 
the laser diode array 1. Accordingly, a difference in <o 
propagation delay time, between the laser beams emit- 
ted from the elements of the laser diode array 1 , can be 
made smaller and stable parallel optical transmission 
can be performed. In addition, by forming the module 
100 into a box-shaped package case, handling and <s 
operability can be made easier. 

The material of the side wall 9 having the through- 
hole 9a formed in part thereof and the metallic materi- 
als, which constitute the lens array plate supporting 
member 7 and the optical fiber array guide 8, are consti- so 
tuted by the same metallic material so that the portions 
1 4, 15, and 16 welded by YAG laser welding are consti- 
tuted by the metallic material of the same kind. Accord- 
ingly, welding cracks and welding defects can be 
prevented when YAG laser welding is performed. At the 55 
same time, no thermal stress would occur even if the 
temperature of the module 100 changes, and stable 
optical coupling is obtainable. Furthermore, by mount- 
ing a plurality of optical semiconductor array modules 



1 00 on the board 22a and using them at the same time, 
a large amount of transmission data can be transmitted 
at a high speed in a parallel manner and also stable 
optical transmission can be obtained without being influ- 
enced by external noise. 

Thus, according to the aforementioned structure 
and fabrication method of the optical semiconductor 
module 100 in the first embodiment of the present 
invention, the handling and the mounting to the external 
circuit board 22 and heat spreading member 19 are 
excellent and the reliability of the laser diode array 1 can 
be ensured. Also, a difference between propagation 
delay times is reduced and parallel transmission can be 
performed. In addition, even if the number of pins 11 is 
increased, the mounting of the module 100 to the exter- 
nal circuit board 22 can be generalized/the module 100 
can be electrically and mechanically connected to the 
external circuit board 22, and the module 100, with no 
misalignment in optical coupling, can be fixed. Further- 
more, the optical semiconductor array module 100, con- 
structed so that tens of pins 1 1 can be disposed without 
increasing the size of the module 100 and also con- 
structed so that the heat generated by the laser diode 
array 1 and the IC 2 can be efficiently spreaded, is 
obtainable. 

In the aforementioned first embodiment, the lens 
array plate supporting member 7 and the optical fiber 
array guide 8 have been joined and fixed with the joined 
portion 15 by YAG laser welding, and the optical fiber 
array 3 and the optical fiber array guide 8 have been 
joined and fixed with the joined portion 1 6 by YAG laser 
welding. By fixing the entire circumferences of the 
joined portions by YAG laser welding or with solder, the 
optically coupled portion, between the lens array plate 6 
and the optical fiber array 3, can be isolated from the 
outside and also can be hermetically sealed. That is, by 
obtaining the optical semiconductor array module 100 
where the optical coupled portion, between the laser 
diode array 1 including the IC 2 and the optical fiber 
array 3, is completely isolated from the outside and her- 
metically sealed, the life of the laser diode array 1 or IC 
2 which is the interior device of the module 100 would 
not be reduced even if the module 100 is used under 
high-temperature and high-humidity environment or 
high-temperature environment. 

Subsequently, a second embodiment of the optical 
semiconductor array module of the present invention 
will be described with Figures 5 through 7. This second 
embodiment, as evident in these figures, adopts a struc- 
ture where pins 1 1 on .an interior circuit board 5 are pro- 
vided on a surface which is in the same direction as a 
surface where a spreading member 1 9 is attached to a 
bottom surface 21 of a stem 4. 

The structure of an optical semiconductor array 
module 200 is shown in a sectional view of Figure 5 and 
a plan view of Figure 6. The sectional view of Figure 5 
shows a section taken along line V-V of Figure 6. Figure 
7 is a side view showing the mounted structure of the 
optical semiconductor array module 200 shown in Fig- 
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ures 5 and 6. In this second embodiment, the same ref- 
erence numerals will be applied to parts identical with or 
equal to those shown in Figures 1 through 4. 

In the optical semiconductor array module 200 
shown in Figures 5 and 6, the main point differing from s 
the aforementioned first embodiment is that the direc- 
tion in which the pins 1 1 electrically connected to an 
external circuit board 22 is taken out is the same as that 
of the bottom surface 21 of the stem 4 to which the heat 
spreading member 19 is attached. That is, a plurality of to 
pins 1 1 which are disposed on the interior circuit board 
5 are taken out in the same direction as the bottom sur- 
face 21 of the stem 4 on which a laser diode array 1 is 
mounted. 

The plurality of pins 1 1 , as with the aforementioned is 
embodiment, are arranged on the interior circuit board 5 
in four parallel rows in the same direction as the direc- 
tion where the optical fiber array 3 is taken out. and are 
arranged in the same way as a pin grid array package 
where pins are arrayed in the form of a grid at intervals 20 
of 0.1 inch. Also, from the aforementioned structural dif- 
ference, a circuit element 18 for adjusting and control- 
ling the laser diode array 1 and IC 2 mounted within the 
package case, as shown in Figure 5, is to be mounted 
on a surface opposite to the surface from which the pins 2s 
1 1 on the interior circuit board 5 are taken out. 

In Figure 7, the optical semiconductor array module 
200 is electrically and mechanically attached to the 
external circuit board 22 through a plurality of pins 11 
provided on a surface crossing at right angles with the 30 
surface from which the optical fiber array 3 connected to 
one end of the package case is taken out. Also, the heat 
spreading member 19. provided with heat spreading 
fins 20 on a surface in the same direction as the surface 
from which the pins 1 1 connected to the external circuit 35 
board 22 are taken out. is directly connected and 
mounted to the module 200. That is. in the optical sem- 
iconductor array module 200 consisting of such a struc- 
ture, the external circuit board 22 and the heat 
spreading member 1 9 are attached so as to be provided 40 
in the same surface direction. 

For that reason, the external circuit board 22 which 
is electrically connected to a plurality of pins 11. as 
shown in Figure 7, has been previously connected to 
the heat spreading member 19 provided with the heat 45 
spreading fins 20, and the module 200 is attached to the 
heat spreading member 19 having the circuit board 22. 
Note that the module 200 is attached so that a plurality 
of pins 1 1 are connected to the external circuit board 22 
and also the bottom surface 21 of the stem 4 is con- so 
nected directly to the heat spreading member 1 9. 

The aforementioned optical semiconductor array 
module 200 in the second embodiment of the present 
invention is substantially identical with the aforemen- 
tioned first embodiment with respect to other structures, 55 
fabrication processes, and procedures. Accordingly, 
even in this second embodiment the same advanta- 
geous effects as the first embodiment are obtainable. In 
addition to this, the external circuit board 22 and heat 



spreading member 1 9 which are connected to the mod- 
ule 200 can be provided in the same direction. Moreo- 
ver, if the external circuit board 22 is previously 
connected to the heat spreading member 19 and they 
are formed into one united body, then this embodiment 
will have the advantage that an area to which the mod- 
ule 200 is attached can be further reduced and also the 
attaching can be facilitated. 

An optical semiconductor array module 300 of a 
third embodiment of the present invention will be 
described with reference to Figure 8. This third embodi- 
ment, as evident in the figure, is characterized in that 
the pins 11, mounted in the interior circuit board 5 of the 
optical semiconductor array module 100 in the first 
embodiment shown in Figures 1 and 2, are extended 
and provided on both sides of the package case. Even 
in this embodiment, the same reference numerals will 
be applied to parts identical with or equal to those of the 
aforementioned first embodiment. 

As described above, in the optical semiconductor 
array module 300 shown in Figure 8, the main point dif- 
fering from the first embodiment is that the pins 1 1 for 
an external electric connection are also provided in both 
directions of the package case. More specifically, the 
interior circuit board 5, placed on the top surface of the 
stem 4, is formed so as to protrude in both directions of 
the package case, and on this interior circuit board 5. 
tens of pins 1 1 are arrayed in the same way as a pin grid 
array package where pins are arrayed at intervals of 0.1 
inch. 

The aforementioned optical semiconductor array 
module 300 shown in Figure 8 is substantially identical 
with the aforementioned first embodiment with respect 
to other structures, fabrication processes, and proce- 
dures. Accordingly, even in this embodiment, the same 
advantageous effects as the first embodiment are 
obtainable. In addition to this, because the number of 
pins 11 for an external electric connection can be 
increased, this embodiment has the advantage that a 
wide variety of electrical signals can be received and 
transmitted, the number of transmission channels can 
be increased and also large amounts of data can be 
transmitted. 

A fourth embodiment of the present invention will 
be described with reference to Figure 9. Figure 9 is a 
plan view of an optical semiconductor array module 
400. As evident in the figure, a plurality of pins 11. 
arrayed on an interior circuit board 5 which constitutes 
the package case of the optical semiconductor array 
module 400. is further extended so as to surround the 
periphery of the package case, and the array of these 
pins 1 1 is shown in the plan view. 

The optical semiconductor array module 400 shown 
in Figure 9 differs from the aforementioned first embod- 
iment in that in order to form a terminal portion, the 
aforementioned interior circuit board 5 does not extend 
only from a surface opposite to the surface of the pack- 
age case from which an optical fiber array 3 is taken out. 
but extends four surfaces surrounding the package 
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case, excluding a surface (i.e., the bottom surface of a 
stem 4) on which a laser diode array 1 and an IC 2 are 
mounted and a surface (cap 10) opposite to this sur- 
face, among six surfaces forming the package case. On 
the surface of the extended interior circuit board 5, the 
plurality of pins 1 1 are mounted so that pin grid array 
terminals are disposed around the bottom surface of the 
stem 4. 

That is, on the central portion of the interior circuit 
board 5, the stem 4 on which the laser diode array 1 and 
the IC 2 are mounted is positioned, and on the interior 
circuit board 5 extending from the circumference of the 
stem 4, the plurality of pins 11 are disposed. Also, the 
plurality of pins 1 1 extend from the four surface, includ- 
ing the surface from which the optical fiber array 3 is 
taken out, and are arrayed in at least two rows or three 
rows at intervals of 0.1 inch in the same way as a pin 
grid array terminal shape. Accordingly, a connection to 
the external circuit board 22 can be made by making 
use of one entire surface of the module 400, and a con- 
nection, in a state where one end of the module 400 
floats or in a state the module 400 is loosely attached, 
can be prevented. Thus, the module 400 can be 
attached in a stable state. 

A fifth embodiment of the present invention will be 
described with reference to Figure 10. In this embodi- 
ment, the shape of the array of a plurality of pins 11 
arrayed on an interior circuit board 5 further differs from 
that of the fourth embodiment. Fig. 10 shows a plan 
view showing the array of the plurality of pins 1 1 . Even 
in this embodiment, the same reference numerals will 
be applied to parts identical with or equal to those of the 
aforementioned fourth embodiment. 

In the optical semiconductor array module 500 
shown in Figure 10, the main point differing from the 
aforementioned fourth embodiment is that the plurality 
of pins 1 1 are not provided around a cap 10 which her- 
metically seals the interior of the package case, but are 
provided on both sides (the upper and lower sides in 
Figure 10) of the package case. More specifically, the 
interior circuit board 5 which constitutes part of the 
package case is extended from the two surfaces which 
cross at right angles with the surface from which the 
aforementioned fiber array 3 is taken out and which 
oppose each other, among six surfaces which form the 
package case. Accordingly, on both sides across the 
cap 1 0, the plurality of pins 1 1 are arrayed in at least two 
parallel rows and in the same way as a pin grid array 
package where pins 11 are arrayed at intervals of 0.1 
inch. Also, the other structures are identical with the 
fourth embodiment, and even in this embodiment, the 
same advantageous effects as the fourth embodiment 
are obtainable. 

In the aforementioned fourth and fifth embodi- 
ments, a plurality of pins 11 are provided on the bottom 
surface of the stem 4 where the laser diode array 1 and 
the IC 2 are directly mounted, or on both sides of the 
cap 10 for hermetically sealing the laser diode array 1 
and IC 2 mounted in the interior of the package case. 



Furthermore, in the aforementioned fifth embodiment, 
the direction in which the pins 1 1 are mounted is oppo- 
site to the aforementioned direction, that is, the pins 1 1 
and the heat spreading member 19 are attached in the 

5 same direction. Even in either case, the same advanta- 
geous effects as the aforementioned embodiment are 
obtainable by arraying the pins 11 on both sides of the 
heat spreading member 19. 

A sixth embodiment of the present invention will be 

w described with reference to Figure 11. This sixth 
embodiment differs from the aforementioned first 
embodiment (where the laser diode array 1 is mounted 
at a position away from the IC 2) in that the laser diode 
array 1 is mounted on the top surface of the IC 2. 

75 Figure 11 is a vertical dross-sectional view of the 
structure where the laser diode array 1 and the IC 2, 
which are the essential parts of the optical semiconduc- 
tor array module in the sixth embodiment are attached. 
Even in this embodiment the same reference numerals 

20 will be applied to parts identical with or equal to those of 
the aforementioned first embodiment 

In Figure 1 1 , the main point differing from the afore- 
mentioned first embodiment is that the IC 2 is mounted 
on the top surface of the stem 4 and also the laser diode 

25 array 1 is mounted on the top surface of the IC 2. More 
specifically, the IC 2 is fixed at a predetermined position 
on the electric wiring provided on the top surface of the 
stem 4 and also the laser diode array 1 is fixed at a pre- 
determined position on the electric wiring provided on 

30 the top surface of the IC 2. As shown in Figure 1 1 , the 
IC 2 and the laser diode array 1 are electrically con- 
nected together by a wire bonding lead 13. Likewise, the 
IC 2 and the interior circuit board 5 are electrically con- 
nected together by a wire bonding lead 13. 

35 The other structures, fabrication processes, proce- 
dures, and mounted structure of the sixth embodiment 
are substantially identical with those of the aforemen- 
tioned first embodiment Accordingly, the same advan- 
tageous effects as the aforementioned first embodiment 

40 are obtained. In addition to these advantageous effects, 
the wire bonding lead 13 can be further shortened and 
this reduction in the lead makes it possible to operate 
the laser diode array 1 at a high speed with high fre- 
quency, because the laser diode array 1 and the IC 2 

45 can be formed into one united body. Furthermore, by. 
forming the laser diode array 1 and the IC 2 into one 
united body, the miniaturization and high integration of 
the module can be achieved at the same time. 

A seventh embodiment of the present invention will 

so be described with reference to Figure 12. In Figure 12. 
the structure of a lens array plate 6 which is the essen- 
tial part of the optical semiconductor array module is 
shown by a front view. In Figure 12 a plurality of lenses 
6a are arranged on the diagonal line of the lens array 

55 plate 6 consisting of a generally flat shape. That is, the 
lens array plate 6 is of a generally rectangular flat 
shape, and the lenses 6a are arranged at equal inter- 
vals so that the centers of the lenses 6a are aligned with 
the diagonal line of the lens array plate 6. According to 
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this arrangement, the lenses 6a can be arranged more 
in number than a constitution where a plurality of lenses 
6a are arranged in parallel with the side surface of the 
generally flat shape. In addition, in a case where the 
numbers of lenses 6a are the same, the lens array plate 
6 can be made smaller by arranging the lenses 6a on 
the diagonal line. Accordingly, the size of the lens array 
plate supporting member 7 to which the lens array plate 
6 is attached can be reduced. Furthermore, the size of 
the optical semiconductor array module can also be 
reduced. 

An eighth embodiment of the present invention will 
be described with reference to Figure 13. The structure 
of a lens array plate 66 in this embodiment differs from 
that of the seventh embodiment. Even in this embodi- 
ment, the same reference numerals will be applied to 
parts identical with or equal to those of the aforemen- 
tioned seventh embodiment. 

. As evident in Figure 13, the lens array plate 66 
which is the essential part of the optical semiconductor 
array module is different from the lens array plate 6 of 
the aforementioned seventh embodiment in that the 
lens array plate 6 of the seventh embodiment is of a 
generally rectangular flat shape, while the lens array 
plate 66 of this embodiment is of a generally hexagonal 
flat shape. Furthermore, a plurality of lenses 6a are 
arranged at equal intervals so that the centers of the 
lenses are aligned with the diagonal line of this hexa- 
gon. The other structures are identical with the afore- 
mentioned seventh embodiment, and even in this 
embodiment, the same advantageous effects as the 
seventh embodiment are obtainable. 

Finally, a ninth embodiment of the present invention 
will be described with reference to Figures 14 and 15. 
An optical semiconductor array module in this embodi- 
ment is characterized in that a lens array plate support- 
ing member 7 for supporting a lens array plate 6 is 
constituted by a member consisting of at least two 
metallic materials. Even in this embodiment, the same 
reference numerals will be applied to parts identical with 
or equal to those of the aforementioned first embodi- 
ment. 

In the lens array plate supporting member 7 shown 
in Figure 14. the main point differing from the aforemen- 
tioned first embodiment is that the lens array plate sup- 
porting member 7 is constituted by a member consisting 
of at least two metallic materials. More specifically, a 
portion 7a to which the lens array plate 6 is attached 
and a portion 7b which is joined and fixed to the side 
wall 9 of the package case are constituted by different 
metallic materials, respectively. The respective metallic 
materials are constituted by metallic materials where a 
difference in thermal expansion coefficient, between a 
glass material constituting the lens array plate 6 and a 
metallic material constituting the side wall 9 of the pack- 
age case, is less than 3 x 10' 6 /°C. That is, even in a 
case where the glass material constituting the lens 
array plate 6 and the metallic material constituting the 
side wall 9 of the package case have considerably dif- 



ferent thermal expansion coefficients, they can be satis- 
factorily joined and fixed to the lens array plate 6 and the 
side wall 9 of the package case by constituting the lens 
array plate supporting member 7 by a member consist- 
5 ing of at least two metallic materials. 

Trie lens array plate supporting member 7 may be 
formed by a metal injection molding method which sin- 
ters and molds metallic powder. The present invention is 
not limited to this method. For example, the lens array 
io plate supporting member 7 may be formed by silver sol- 
dering. Furthermore, a lens array plate supporting 
member 77 such as that shown in Figure 15 may be 
constituted by two circular tubes 77a and 77b, and this 
may be formed by mechanical processing. As the 
75 respective metallic materials which constitute the lens 
array plate supporting members 7 and 77, it is, for 
example, preferable that the lens array plate 6 is consti- 
tuted by stainless steel SUS 430 and also the side wall 
9 of the package case is constituted by a kovar which is 
20 a Fe-Ni-Co alloy. In addition, the lens array plate sup- 
porting member may be constituted by a combination of 
metallic materials which satisfies the aforementioned 
difference in thermal expansion coefficient When the 
side wall 9 of the package case is constituted by a kovar 
25 which is a Fe-Ni-Co alloy, a welding defect in the portion 
welded by YAG laser welding can be prevented. There- 
fore, it is desirable that a metallic material constituting 
the through hole 9a of the side wall 9 of the package 
case, a metal layer constituting the interior circuit board 
30 5 consisting of the aforementioned multilayered struc- 
ture, and a metallic material constituting the aforemen- 
tioned optical fiber array guide 8 will also be constituted 
by a combination of metallic materials which satisfies 
the aforementioned difference in thermal expansion 
35 coefficient such as a kovar. 

While, in the aforementioned first, second, third, 
fourth, fifth, and sixth embodiments, the laser diode 
array 1 has been used as a plurality of semiconductor 
laser diode, light-emitting diode elements, the present 
40 invention is not limited to this laser diode array 1. For 
example, a light-emitting diode array consisting of a plu- 
rality of semiconductor laser diode, light-emitting diode 
elements, or a photodiode array consisting of a plurality 
of semiconductor photo diode elements may be used. 
45 Even in this case, the same advantageous effects as 
the aforementioned embodiments can be obtained. 

In the aforementioned first and second embodi- 
ments, stainless steel SUS 430 has been used as mate- 
rial constituting the through hole 9a of the side wall 9 
so and also as material constituting the lens array plate 
supporting member 7 and the optical fiber array guide 8. 
However, the present invention is not limited to stainless 
steel SUS 430. For example, a Fe-50% Ni which is an 
alloy of Fe and Ni, or a kovar which is an alloy of Fe, Ni. 
55 and Co may be used. Even in these cases, the same 
advantageous effects as the aforementioned embodi- 
ments can be obtained. 

In the aforementioned first, second and third 
embodiments, the stem 4 has been constituted by an 



24 



47 



EP 0 750 204 A1 



48 



alloy of copper and tungsten. However, the present 
invention is not limited to this alloy. For example, an alloy 
of aluminum and silicon carbide, aluminum nitride, an 
alloy of aluminum and silicon, copper and an invar com- 
posite metal, or silicon may be used. Even in these s 
cases, the same advantageous effects as the afore- 
mentioned embodiments can be obtained. 

In the aforementioned first, second, third, fourth, 
and fifth embodiments, the interior circuit board 5 has 
been constituted by stacking a plurality of ceramic 10 
boards. For example, it is preferable that aluminum 
nitride or silicon carbide is used as a ceramic board. 
Also, this material is not limited to ceramic. Instead of 
ceramic, for example, glass or silicon may be used. 
Even in these cases, the same advantageous effects as is 
the aforementioned embodiments can be obtained. 

In the aforementioned first second, third, fourth, 
and fifth embodiments, a plurality of pins 11 has been 
arrayed in the same way as a pin grid array package 
where pins are arrayed in the form of a grid. However, so 
the present invention is not limited to the array of the 
pins 1 1 shown in the aforementioned first, second, third, 
fourth, and fifth embodiments. The plurality of pins 11 
may be arrayed in the form of a pin grid array other than 
these cases. Even in this case, the same advantageous 25 
effects as the aforementioned embodiments can be 
obtained. 

In the aforementioned first, second, third, fourth, 
fifth, and sixth embodiments, a description has been 
made of the optical semiconductor array modul e where 30 
the laser diode array 1 , constituted by twelve semicon- 
ductor laser diode, light-emitting diode elements 
arrayed in a row at equal intervals, is optically coupled 
to the optical fiber array 3 constituted by twelve single- 
mode optical fibers arrayed in parallel at equal intervals 35 
and where twelve channels of transmission data are 
optically transmitted in parallel at the same time. How- 
ever, the present invention is not limited to this optical 
semiconductor array module. For example, the present 
invention may be constituted by an optical semiconduc- 40 
tor array module where four channels, six channels, 
eight channels, or ten channels of transmission data are 
optically transmitted in parallel. Even in this case, the 
same advantageous effects as the aforementioned 
emibodiments can be obtained. « 

As has been described, the present invention pro- 
vides an optical semiconductor array module, an fabri- 
cation method thereof, and an external board mounting 
structure thereof, where handling of the module and 
attaching to both an external circuit board and a spread- so 
ing member are excellent and which is capable of assur- 
ing reliability in an incorporated semiconductor laser 
diode, light-emitting diode and photo diode element 
array, while overcoming the problems in the aforemen- 
tioned prior art 55 

More specifically, according to the present inven- 
tion, a plurality of pins electrically connected to a laser 
diode array are arrayed in the form of a pin grid array 
terminal. These pins are mounted in a terminal portion 



which extends from at least one surface of the side sur- 
faces of the package case. Even if the pins are 
increased to tens, they could be arrayed at desired 
intervals without increasing the size of the module 
which includes the package case. Because the pins are 
arrayed in the form of a pin grid array terminal, a con- 
nection to circuit boards being widely used can be gen- 
eralized. Moreover, since there is no need of providing a 
structure where a special heat spreading member is 
attached to an external circuit board and also a heat 
spreading member can be directly connected without 
interfering the pins, heat spreading of heat from the 
module can be efficiently performed and a mounting 
area of the module to the external circuit board can be 
equalized with the outer dimension of the module. Fur- 
thermore, because a connection to the external circuit 
board is made by inserting pins, the module is mechan- 
ically and electrically connected and fixed with ease and 
reliability, and stable optical transmission, which elimi- 
nates deformation of the package case and prevents 
optical coupling degradation caused by misalignment, is 
obtained. 

In addition, according to the concrete constitution of 
the optical semiconductor array module, fabrication 
method, external board mounting structure of the 
present invention, a lens array plate supporting member 
is joined and fixed to the side wall of the package case, 
and also an optical fiber array, which is optically coupled 
to semiconductor laser diode, light-emitting diode and 
photo diode elements mounted on the package case, is 
provided outside the package case. Furthermore, a cap 
is fixed to the top of the side wail of the package case. 
Accordingly, the semiconductor laser diode, light-emit- 
ting diode and photo diode elements and the IC of the 
package case can be hermetically sealed and degrada- 
tion of the interior elements caused by environment can 
be prevented. Furthermore, by electrically connecting 
the laser diode array and the pins together through the 
interior circuit board of the module, the connection dis- 
tances at the wiring bonding leads can be shortened 
and equalized, and high-speed and high-frequency driv- 
ing of the laser diode array and also stable parallel opti- 
cal transmission where a difference between 
propagation delay times is reduced can be performed. 
Also, by forming the module into a box shape, handling 
and operability can be facilitated. In addition, by using a 
single-mode fiber as an optical ffoer, high-speed and 
long-distance transmission can be realized with low 
transmission loss, and the module can transmit large 
amounts of data. 

According to the present invention, a lens array 
holder is joined and fixed to the side wall of the package 
case, and also an optical fiber array, which is optically 
coupled to semiconductor laser diode, light-emitting 
diode and photo diode elements array mounted on the 
package case, is provided outside the package case. 
Furthermore, a cap is fixed to the top of the side wall of 
the package case. Accordingly, the semiconductor laser 
diode, light-emitting diode and photo diode elements 
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array and the IC of the package case can be hermeti- 
cally sealed. In addition, the semiconductor laser diode, 
light-emitting diode and photo diode element array are 
connected to the electrode leads through the electric 
wiring and the electronic device of the electrode board 5 
member, whereby bonding lines can be shortened and 
also can be easily attached. Moreover, high-speed and 
high-frequency driving of the semiconductor laser 
diode, light-emitting diode and photo diode element 
array can be performed. Furthermore, the electrode 10 
leads are arrayed only from one flat surface of the elec- 
trode board member. Accordingly, the electrode leads 
do not need to be arrayed horizontally from both sides of 
the package as a conventional technique does. At this 
time, the electrode leads can be formed on the top sur- 15 
face of the electrode board member in the same man- 
ner as the pin array and pin intervals of a dual in-line 
package. Therefore, the electrode leads can be arrayed 
In an integrated state and the mounting of the electrode 2. 
leads to currently used IC boards can be generalized. 20 
Furthermore, a stem which is a heat spreading member 
can be provided in the direction opposite to the direction 
in which the electrode leads are taken out. whereby a 
connection to both an integrated circuit board and heat 3. 
spreading fins can be performed through the top and 25 
bottom surfaces of the module. Therefore, the mounting 
of the module to an integrated circuit board and the heat 
spreading of the module can be easily and efficiently 
performed. Also, by forming the module into a box 4. 
shape, handling and operability can be facilitated. 30 

Accordingly, the present invention can provide an 
optical semiconductor array module and an fabrication 
method thereof where handling of the module and 
mounting of the module on an integrated circuit board 
and heat spreading fins are excellent and which is capa- 35 
ble of assuring reliability in a semiconductor laser diode, 
light-emitting diode and photo diode element array. 

Claims 

AO 

1 . An optical semiconductor array module comprising: 

an optical semiconductor array device consti- 
tuted by a plurality of semiconductor laser 
diode, light-emitting diode elements or a plural- as 
ity of semiconductor photo diode elements; 
an electronic device for driving and controlling 
said optical semiconductor array device; 
a cube-shaped package case for housing said 
optical semiconductor array device and said so 
electronic device therein; 
an optical fiber array optically coupled to said 
optical semiconductor array device; 
a supporting member for holding and fixing 
said optical fiber array to one surface of said 55 
cube-shaped package case; 
coupling means for optical coupling said optical 
semiconductor array device and said optical 
fiber array together; and 



a terminal portion having a plurality of pins for 
electrically connecting an external circuit board 
to said electronic device, 
wherein said terminal portion is formed by 
extending said terminal portion from at least 
one of surfaces forming said package case, 
excluding a surface on which said optical sem- 
iconductor array device and said electronic 
device are mounted and a surface opposite to 
that surface, and said plurality of pins are 
mounted in a surface of said terminal portion 
which crosses at right angles with a surface 
from which said optical fiber array is taken out, 
whereby said electronic device is mounted on 
said external circuit board through said plurality 
of pins and is electrically connected to said 
external circuit board. 

An optical semiconductor array module according 
to claim 1 , wherein said plurality of pins, mounted in 
the surface of said terminal portion." are arrayed at 
least two rows. 

An optical semiconductor array module according 
to claim 1 , wherein said plurality of pins, mounted in 
the surface of said terminal portion, are arrayed at 
least three rows and three columns. 

An optical semiconductor array module comprising: 

at least one of optical semiconductor array 
devices, the devices being constituted by a plu- 
rality of semiconductor laser diode, light-emit- 
ting diode elements or a plurality of 
semiconductor photo diode elements; 
an electronic device for driving said at least one 
optical semiconductor array device; 
an optical fiber array optically coupled to said at 
least one optical semiconductor array device, 
the optical fiber array being constituted by a 
plurality of optical fibers for performing optical 
transmission; 

a lens array constituted by a plurality of lenses 
for optically coupling said at least one optical 
semiconductor array device and said optical 
. fiber array, so that they are in an optical trans- 
mission relationship; 

a lens array supporting member for supporting 
and fixing said lens array, the lens array sup- 
porting member being connected to a package 
where said at least one optical semiconductor 
array device and said electronic device are 
housed; and 

an optical fiber array supporting member for 
supporting and fixing said optical fiber array, 
the optical fiber array supporting member being 
connected to said package through said lens 
array supporting member, 
wherein said package, which houses said one 
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optical semiconductor array device and said 
electronic device, is constituted by a heat 
spreading member on which said at least one 
semiconductor array device is mounted, a mul- 
tilayered electrode board member on which 
said electronic device is mounted and which is 
electrically connected to said at least one sem- 
iconductor array device through said electronic 
device, a side wall to which said lens array sup- 
porting member is connected and which is pro- 
vided so as to surround said at least one 
semiconductor array device and said electronic 
device, and a cap fixed on the top of said side 
wall so that an inner space defined in said side 
wall is isolated from the outside, 
electrode pins, which are provided on said mul- 
tilayered electrode board member and are 
electrically connected to said at least one sem- 
iconductor array device, are taken out only from 
one flat surface of said multilayered electrode 
board member and are disposed in the same 
direction as said cap fixed on the top of said 
package, and 

said heat spreading member is disposed in a 
direction opposite to the direction in which said 
electrode pins are taken out. 

5. An optical semiconductor array module according 
to claim 4, wherein said electrode pins, provided on 
said electrode board member, are arrayed in the 
same manner as the pin array and pin intervals of 
electrode pins of a dual in-line package. 

6. An optical semiconductor array module according 
to claim 4, wherein said electrode board member 
has electric wires for electrically connecting said at 
least one optical semiconductor array device and 
said electrode pins together through said electronic 
device. 

7. An optical semiconductor array module according 
to claim 4, wherein said heat spreading member is 
constituted by at least one material of an alloy of 
copper and tungsten, copper, and silicon. 

8. An optical semiconductor array module according 
to claim 4, wherein said multilayered electrode 
board member is constituted by at least one mate- 
rial of ceramic, glass, and silicon. 

9. An optical semiconductor array module according 
to claim 4, wherein said lens array is of a generally 
rectangular flat shape and said plurality of lenses 
are arranged on the diagonal line of said generally 
rectangular flat shape at equal intervals. 

10. An optica! semiconductor array module according 
to claim 4, wherein said lens array plate supporting 
member is formed from at least two metallic mem- 



bers consisting of a member to which said lens 
array is connected and fixed and a member which is 
joined and fixed to the side wall of said package. 

5 11. An optical semiconductor array module comprising: 

. an optical semiconductor array device consti- 
tuted by a plurality of semiconductor laser 
diode, light-emitting diode elements or a plural- 
w ity of semiconductor photo diode elements; 

an electronic device for driving and controlling 
said optical semiconductor array device; 
a cube-shaped package case for housing said 
optical semiconductor array device and said 
is electronic device therein; 

an optical fiber array optically coupled to said 
optical semiconductor array device; 
a supporting member for holding and fixing 
said optical fiber array to one surface of said 
20 cube-shaped package case; 

coupling means for optically coupling said opti- 
cal semiconductor array device and said optical 
fiber array together; and 
a terminal portion having a plurality of pins for 
25 electrically connecting an external circuit board 

to said electronic device, 
wherein said plurality of pins are mounted in a 
surface of said terminal portion and are arrayed 
in the form of a pin grid array where pins are 
30 vertically mounted and arrayed in the form of a 

grid. 

12. An optical semiconductor array module according 
to claim 1 1 , wherein said terminal portion is formed 

35 by extending said terminal portion from at least one 
of surfaces forming said package case, excluding a 
surface on which said optical semiconductor array 
device and said electronic device are mounted 
inside and a surface opposite to that surface, and 

40 said plurality of pins are mounted in a surface of 
said terminal portion which crosses at right angles 
with a surface from which said optical fiber array is 
taken out, whereby said electronic device is 
mounted on said external circuit board through said 

45 . plurality of pins and is electrically connected to said 
external circuit board. 

13. An optical semiconductor array module according 
to claim 1 or 1 1 , wherein said terminal portion hav- 

so ing said plurality of pins mounted therein is formed 
by extending said terminal portion from (1) a sur- 
face .opposite to the surface of said package case 
from which said optical fiber array is taken out. 
and/or (2) a plurality of surfaces of said package 

55 case, excluding the surface from which said optical 
fiber array is taken out, and/or (3) a plurality of sur- 
faces of said package case, excluding the surface 
from which said optical fiber array is taken out and 
a surface opposite to that surface. 
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14. An optica! semiconductor array module according 
to claim 1 or 11 , wherein a heat spreading member 
is attached to the surface of said package case on 
which said optical semiconductor array device and 
said electronic device are mounted inside. 

15. An optical semiconductor array module according 
to claim 1 or 11, wherein said plurality of pins, 
mounted in said terminal portion, are mounted in 
(1) a direction of the surface of said package case 
on which said optical semiconductor array device 
and said electronic device are mounted, and/or (2) 
a direction of the surface opposite to the surface of 
said package case on which said optical semicon- 
ductor array device and said electronic device are 
mounted inside. 

16. An optical semiconductor array module according 
to claim 11, wherein said plurality of pins, mounted 
in the surface of said terminal portion, are arrayed 
in four parallel rows in the same direction as the 
direction in which said optical ffoer array is taken 
out. 

17. An optical semiconductor array module according 
to claim 11, wherein said plurality of pins, mounted 
in the surface of said terminal portion, are arrayed 
at least two parallel rows. 

18. An optical semiconductor array module according 
to claims 2, 3, 16 or 17, wherein the pins, mounted 
in the surface of said terminal portion, are disposed 
so that an interval, between the centers of adjacent 
pins, is between 1.0 mm and 3.0 mm. 

19. An optical semiconductor array module according 
to claim 18, wherein the pins, mounted in the sur- 
face of said terminal portion, are disposed so that 
an interval, between the centers of adjacent pins, is 
2.54 mm. 

20. An optical semiconductor array module according 
to claim 1 or 11. wherein said cube-shaped pack- 
age case where said optical semiconductor array 
device and said electronic device are housed is iso- 
lated from the outside and hermetically sealed. 

21. An optical semiconductor array module according 
to claim 1 or 11, wherein said terminal portion in 
which said plurality of pins are mounted is consti- 
tuted by part of a member which forms part of said 
package case. 

22. An optical semiconductor array module according 
to claim 1 or 11, wherein a circuit element for 
adjusting electric characteristics of said electronic 
device is attached to a surface opposite to the sur- 
face of said terminal portion in which said pins are 
mounted. 



23. An optical semiconductor array module according 
to claim 1 or 11, wherein a member, which consti- 
tutes part of said package case and has said optical 
semiconductor array device and/or said electronic 

5 device mounted on the inner surface, is formed by 
at least one material of an alloy of copper and tung- 
sten, an alloy of aluminum and silicon carbide, alu- 
minum nitride, an alloy of aluminum and silicon, 
composite metal of copper and invar, and silicon. 

10 

24. An optical semiconductor array module according 
to claim 21, wherein said member, which consti- 
tutes part of said package case and has a portion 
which constitutes said terminal portion, is consti- 

75 tuted by a multilayered structure formed with a plu- 
rality of boards where an electric sheet can be 
provided on each surface. 

25. An optical semiconductor array module according 
20 to claim 24, wherein said member, which consti- 
tutes part of said package case and has a portion 
which constitutes said terminal portion and which is 
constituted by a multilayered structure formed with 
a plurality of boards where an electric sheet can be 

25 provided on each surface, is formed in the form of 
steps in the interior of the package case so that the 
electric sheet formed in each board is exposed to a 
surface of each board, and wherein said electric 
sheet exposed to each board surface is electrically 

30 connected to said electronic device. 

26. An optical semiconductor array module according 
to claim 24, wherein said multilayered member, 
which constitutes part of said package case and 

35 has a portion which constitutes said terminal por- 
tion, is constituted by a combination of at least one 
of ceramic, glass, and silicon, and a metal conduc- 
tor containing a Fe-lsfcCo alloy. 

40 27. An optical semiconductor array module according 
to claim 24, wherein said multilayered member, 
which constitutes part of said package case and 
has a portion which constitutes said terminal por- 
tion, has electric wires or sheets for electrically con- 

45 necting said optical semiconductor array device 
and said pins together through said electronic 
device. 

28. An optical semiconductor array module according 
so to claim 1 or 11, wherein said coupling means for 

optically coupling said optical semiconductor array 
device and said optical fiber array together is con- 
stituted by a lens array plate where the number of 
lenses corresponding in number to elements of said 
55 optical semiconductor array device are arranged on 
a line. 

29. An optical semiconductor array module according 
to claim 28, wherein said lens array plate is of a 
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generally rectangular flat shape and said plurality of 
lenses are arranged on the diagonal line of said 
generally rectangular flat shape at equal intervals. 

30. An optical semiconductor array module according s 
to claim 28, wherein a lens array plate supporting 
member for supporting said lens array plate is 
formed from at least two metallic members com- 
prising of a member to which said lens array plate is 
directly fixed and a member which is joined and io 
fixed to a side wall of said package case. 

31. A method of fabricating the optical semiconductor 
array module as set forth in claim 19, comprising 

the steps' of: 15 

on the package, which is constituted by the 
electrode board member provided with said 
heat spreading member and said electrode 
pins and said side wall, fixing said at least one 20 
optical semiconductor array device at a prede- 
termined position on said heat spreading mem- 
ber; fixing said electronic device at a 
predetermined position on said electrode 
board member; and applying wire bonding so 25 
that said at least one optical semiconductor 
array device and said electrode board member 
are electrically connected together through 
said electronic device; 

adjusting said lens array supporting member in 30 
a direction of a surface crossing an optical axis 
at right angles so that an optical axis line of 
said at least one semiconductor array device 
becomes aligned with that of said lens array, 
and then joining and fixing said lens array sup- 35 
porting member having said lens array fixed 
thereto to the side wall of said package; 
joining and fixing said cap on the top of said 
side wall of said package to hermetically seal 
said at least one semiconductor array device ao 
and said electronic device; 
emitting a laser beam between said at least 
one semiconductor array device and said opti- 
cal fiber array through said lens array and 
adjusting said optical fiber array in an optical as 
axis direction so that the optical axis line of said 
at least one semiconductor array device 
becomes aligned with that of said optical fiber 
array, and joining and fixing said optical fiber 
array to said optical fiber array supporting so 
member; 

adjusting said optical fiber array supporting 
member in the direction of the surface crossing 
the optical axis at right angles; and 
joining and fixing said optical fiber array sup- ss 
porting member to the side wall of said pack- 
age through said lens array supporting 
member. 



A method of fabricating an optical semiconductor 
array module where both an optical semiconductor 
array device constituted by a plurality of semicon- 
ductor laser diode, light- emitting diode elements or 
a plurality of semiconductor photo diode elements 
and an electronic device for driving and controlling 
said optical semiconductor array device are housed 
in a cube-shaped package case, an optical fiber 
array inserted in an optical fiber array supporting 
member is attached to a side surface of said pack- 
age case, and an end of said optical fiber array is 
optically coupled to said optical semiconductor 
array device through a lens array having of a plural- 
ity of lenses, comprising the steps of: 

mounting a board on a side wall forming part of 
said package case and also on an inner sur- 
face of a plate-shaped fixing member forming a 
bottom portion of said package case, the board 
forming part of said package case and having a 
plurality of pins mounted therein and also hav- 
ing said electronic device mounted thereon; 
mounting said optical semiconductor array 
device at a predetermined position on a sur- 
face of said plate-shaped fixing member and 
said electronic device at a predetermined posi- 
tion on a surface of said board; 
electrically connecting said optical semicon- 
ductor array device and said electronic device 
together; 

attaching said lens array plate supporting 

member having said lens array plate fixed 

thereto to said side wall; 

attaching a cap on the top of said side wall to 

hermetically seal an inner space of said side 

wall; 

attaching said optical fber array fixed to said 
optical fber array supporting member to said 
side surface of said package case; 
when said lens array plate supporting member 
having said lens array plate fixed thereto is 
attached to said side wall, emitting light from 
some of a plurality of light-emitting elements of 
said optical semiconductor array device and 
adjusting a position of said lens array plate so 
that the optical axis line of each element of said 
optical semiconductor array device becomes 
aligned with that of each lens of said optical 
fiber array plate and then joining and fixing said 
lens array plate by welding; 
adjusting optical coupling between a laser 
beam being passed through said lens array 
plate and said optical fiber array; and 
joining and fixing said optical fiber array sup- 
porting member to the side wall of said pack- 
age case through said lens array plate 
supporting member by welding. 

. An external board mounting structure for mounting 
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the optical semiconductor array module as set forth 
in claim 1 1 on an external circuit board, wherein 
pins provided in a terminal portion of said optical 
semiconductor array module are mechanically and 
electrically connected to said external circuit board 5 
and also a heat spreading member is connected 
and fixed to a surface on which said optical semi- 
conductor array device and said electronic device 
are mounted. 

10 

34. An external board mounting structure according to 
claim 33, wherein said optical semiconductor array 
module which is mechanically and electrically con- 
nected to said external circuit board is connected 
and fixed only by said plurality of pins provided in is 
the terminal portion of said optical semiconductor 
array module. 

35. A parallel optical transmission system for driving 
and controlling an optical semiconductor array 20 
module to perform parallel optical transmission, 
wherein the optical semiconductor array module as 

set forth in claim 1 is used as a communication 
means or parallel optical transmission means 
between computers, between exchanges, between 25 
an exchange using an optical switch and a box, 
between boards, between personal computers, and 
between work stations, or is used as a communica- 
tion means or parallel optical transmission means 
for home image communication equipment, com- 30 
munication equipment for games, and vehicle con- 
trol equipment. 
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